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' A D V E R T I S E M E 


TH  E Committee  appointed  by  the  Royal  Society  to  direct  the  pub- 
lication  of  the  Philofophical  Trail fact  ions,  take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council  books 
and  journals  of  the  Society,  as  from  repeated  declarations  which  have 
been  made  in  feveral  former  Tranf actions,  that  the  printing  of  them  was 
always,  from  time  to  time,  the  fingle  aclof  the  refpeciive  Secretaries,  till 
the  Forty-feveuth  Volume : the  Society,  as  aBody,  never  interefling  them- 
felves  any  further  in  their  publication,  than  by  occafionally  recommending 
the  revival  of  them  to  fome  of  their  Secretaries,  v/hen,  from  the  particular 
circumftances  of  their  affairs,  the  Tranfadions  had  happened  for  any 
length  of  time  to  be  intermitted.  And  this  feems  principally  to  have 
been  done  with  a view  to  fatisfy  the  Public,  that  their  ufuaf  meetings 
were  then  continued  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their  firfl  inflitution  by  the  B.oyal  Charters, 
and  which  they  have  ever  fince  fteadily  pilrfued. 

But  the  Society  being  of  late  years  greatly  inlarged,  and  their  com- 
munications more  numerous,  it  was  thought  advifable,  that  a Committee 
of  their  members  fhould  be  appointed  to  reconfider  the  papers  read  be- 
fore them,  and  feleff  out  of  them  fuch,  as  they  fhould  judge  moft  pro- 
per for  publication  in  the  future  Tranfadions  ; which  was  accordingly 
■done  upon  the  26th  of  March  1752.  And  the  grounds  of  their  choice 
•are,  and  will  continue  to  be,  the  importance  and  fingularity  of  the  fub- 
jefts,  or  the  advantageous  manner  of  treating  them,;  without  pretending 
to  anfwer  for  the  certainty  of  the  facis,  or  propriety  of  the  reafonings, 
contained  in  the  feveral  papers  fo  publifhed,  which  mull:  hill  refl:  on  the 
•credit  or  judgment  of  their  refpeciive  authors. 
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It  is  likewife  neccffary  on  this  occafion  to  remark,  that  it  is  an  efta* 
bliihed  rule  of  the  Society  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a Bady,'tip©nlinyfubje61:,  either  of  Nature  or  Arty 
that  comes  before  them.  And  therefore  the  thanks,  which  are 'fre- 
quently propofed  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers as  are  read  at  their  accuftomed  meetings,  or  to  the  perfons  through 
whole  hands  they  receive  them,  are  to  be  confidered  in  no  other  light 
than  as  a matter  of  civility,  in  return  for  the  refpeft  fhewn  to  the  Society 
by  thofe  communications.  The  like  alfo  is  to  be  faid  with  regard  to 
the  leveral  projefls,  inventions,  and  curiofities  of  various  kinds,  which 
are  often  exhibited  to  the  Society  • the  authors  whereof,  or  thofe  wh@ 
exhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  have  met  with  the  higheft  applafule 
and  approbation.  And  therefore  it  is  hoped,  that  no  regard  will  here- 
after be  paid  to  fuch  reports,  and  public  notices ; which  in  fome  inftances- 
have  been  too  lightly  credited,  to  the  dilhonour  of  the  Society, 
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ONFIDENT  that  every  atom  which  may  contribute  to 


increafethe  treafury  of  ufeful  knowledge,  which  you  are 
fo  fuccefsfully  endeavouring  to  accumulate,  will  be  agreeable 
'and  interefting  to  the  Society,  I fend  you  an  account  of  an 
artificial  fpring  of  water,  which  I produced  laft  l'ummer  near 
the  fide  of  the  river  Darwent  in  Derby. 


Read  November  4,  17B4. 
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Near  my  houfe  was  an  old  well,  about  one  hundred  yards 
from  the  river,  and  about  four  yards  deep,  which  had  been 
many  years  difufed  on  account  of  the  badnefs  of  the  water, 
which  I found  to  contain  much  vitriolic  acid,  with,  at  the 
fame  time,  a flight  fulphureous  fmell  and  tafte  ; but  did  not 
carefully  analyfe  it  The  mouth  of  this  well  was  about  four 
feet  above  the  furface  of  the  river ; and  the  ground,  through 
which  it  was  funk,  confined  of  a black,  loofe,  mold:  earth, 
which  appeared  to  have  been  very  lately  a morafs,  and  is  now 
covered  with  houfes  built  upon  piles.  At  the  bottom  was 
found  a bed  of  red  marl,  and  the  fpring,  which  was  fo  flrong 
as  to  give  up  many  hogfheads  in  a day,  oozed  from  between 
the  morafs  and  the  marl : it  lay  about  eight  feet  beneath  the 
furface  of  the  river,  and  the  water  rofe  within  two  feet  of  the 
top  of  the  well. 

Having  obferved  that  a very  copious  fpring,  called  Saint 
Alkmund’s  well,  rofe  out  of  the  ground  about  half  a mile 
higher  on  the  fame  fide  of  the  Darwent,  the  level  of  which  f 
knew  by  the  height  of  the  intervening  wier  to  be  about  four  or 
five  feet  above  the  ground  about  my  well ; and  having  obferved, 
that  the  higher  lands,  at  the  didance  of  a mile  or  two  behind 
thefe  wells,  confided  of  red  marl  like  that  in  the  well ; I 
concluded,  that,  if  I fhould  bore  through  this  dratum  of  marl, 
I might  probably  gain  a water  fimilar  to  that  of  St.  Alkmund’s 
well,  and  hoped  that  at  the  fame  time  it  might  rife  above  the 
furface  of  my  old  well  to  the  level  of  St.  Alkmund’s. 

With  this  intent  a pump  was  fird  put  down  for  the 
purpofe  of  more  eafily  keeping  dry  the  bottom  of  the  old  well, 
and  a hole  about  two  and  an  half  inches  diameter  was  then 
bored  about  thirteen  yards  below  the  bottom  of  the  well, 
till  feme  fand  was  brought  by  the  auger.  A wooden  pipe, 
a which 
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which  was  previoufly  cut  in  a conical  form  at  one  end,  and 
armed  with  an  iron  ring  at  the  other,  was  driven  into  the  top  of 
this  hole,  and  hood  up  about  two  yards  from,  the  bottom  of 
the  well,  and  being  furrounded  with  well-rammed  clay,  the 
new  water  afcended  in  a fraall  ftream  through  the  wooden 
pipe. 

Our  next  operation  was  to  build  a wall  of  clay  againft  the 
moralfy  hdes  of  the  well,  with  a wall  of  well -bricks  inter- 
nally, up  to  the  top  of  it.  This  completely  hopped  out  every 
drop  of  the  old  water;  and,  on  taking  out  the  plug  which 
had  been  put  in  the  wooden  pipe,  the  new  water  in  two  or 
three  days  rofe  up  to  the  top,  and  flowed  over  the  edges  of  the 
well. 

Afterwards,  to  gratify  my  curiofity  in  feeing  how  high  the 
new  fpring  would  rife,  and  for  the.  agreeable  pUrpofe  of  pro- 
curing the  water  at  all  times  quite  cold  and  frefh,  I directed 
a pipe  of  lead,  about  eight  yards  long,  and  three-quarters  of 
an  inch  diameter,  to  be  introduced  through  the  wooden  pipe 
defcribed  above,  into  the  hratum  of  marl  at  the  bottom  of  the 
well,  fo  as  to  hand  about  three  feet  above  the  furface  of  the 
ground.  Near  the  bottom  of  this  leaden  pipe  was  lewed,  be- 
tween two  leaden  rings  of  flanches,  an  inverted  cone  of  hiff 
leather,  into  which  fome  wool  was  huffed  to  hretch  it  out,  fo 
■that,  after  having  pafled  through  the  wooden  pipe,  it  might 
completely  fill  up  the  perforation  of  the  clay.  Another  leaden 
ring  or  flanch  was  foldered  round  the  leaden  pipe,  about  two 
yards  below  the  furface  of  the  ground,  which,  with  fome  dou- 
bles of  flannel  placed  under  it,  was  nailed  on  the  top  of  the 
wooden  pipe,  by  which  means  the  water  was  perfectly  pre- 
cluded from  riling  between  the  wooden  and  the  leaden  pipes. 
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This  being  accomplifhed,  the  bottom  of  the  well  remained 
quite  dry,  and  the  new  water  quickly  rofe  about  a foot  above 
the  top  of  the  well  in  the  leaden  pipe;  and,  on  Tend  mg  the 
mouth  of  this  pipe  to  the  level  of  the  furface  of  the  ground, 
oibout  two  hogfheads  of  water  flowed  from  it  in  twenty-four 
hours,  which  had  fimilar  properties  with  the  water  of  St.  Alk- 
mund’s  well,  as  on  companion  both  thefe  waters  curdled  a 
folution  of  foap  in  fpirit  of  wine,  and  abounded  with  calca- 
reous earth,  which  was  copiouily  precipitated  by  a folution  of 
fixed  alkali;  but  the  new  water  was  found  to  poflefs  a greater 
abundance  of  it,  together  with  numerous  fmall  bubbles  of 
aerial  acid  or  calcareous  gas. 

The  new  water  has  now  flowed  about  twelve  months,  and,  as 
far  as  1 can  judge,  is  already  increafed  to  almofl  double  the  quan- 
tity in  a given  time  ; and  from  the  rude  experiments  I made,  I 
think  it  is  now  lefs  replete  with  calcareous  earth,  approaching 
gradually  to  an  exaft  correfpondence  with  St.  Alkmund’s  well., 
as  it  probably  has  its  origin  between  the  fame  Ifrata  of  earth. 

As  many  mountains  bear  inconteftible  marks  of  their  having 
been  forcibly  raifed  up  by  fome  power  beneath  them ; and 
other  mountains,  and  even  iflands,  have  been  lifted  up  by  fub- 
terraneous  fires  in  our  own  times,  we  may  fafely  reafon  on  the. 
fame  fuppofition  in  refpedt  to  all  other  great  elevations  of 
ground.  Proofs  of  thefe  circu reliances  are  to  be  feen  on  both 
tides  of  this  part  of  the  country ; whoever  will  infpedt,  with 
the  eye  of  a philofopher,  the  lime-mountain  at  Breedon,  on 
the  edge  of  Leiceflerlhire,  will  not  hefitate  a moment  in  pro- 
nouncing, that  it  has  been  forcibly  elevated  by  fome  power, 
beneath  it;  for  it  is  of  a conical  form,  with  the  apex  cut  off, 
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and  the  ftrata,  which  compofe  the  central  parts  of  it,  and 
which  are  found  nearly  horizontal  in  the  plain,  are  raifed 
almoft  perpendicularly,  and  placed  upon  their  edges,  while 
thofe  on  each  fide  decline  like  the  furface  of  the  hill ; fo  that 
this  mountain  may  well  be  reprefented  by  a bur  made  by  forc- 
ing a bodkin  through  feveral  parallel  Sheets  of  paper.  At  Rou- 
ter, or  Eagle-Rone,  in  the  Peak,  feveral  large  maffes  of  grit- 
frone  are  feen  on  the  fides  and  bottom  of  the  mountain,  which 
by  their  form  evince  from  what  parts  of  the  fummit  they  were 
broken  off  at  the  time  it  was  elevated;  and  the  numerous  loofe 
Rones  fcattered  about  the  plains  in  its  vicinity,  and  half  buried: 
in  the  earth,  mud  have  been  thrown  out  by  explosions,  and 
prove  the  volcanic  origin  of  the  mountain.  Add  to  this  the 
vaft  beds  of  toad-ftone  or  lava  in  many  parts  of  this  county, 
fo  accurately  defcribed,  and  fo  well  explained,  by  Mr.  White- 
hurst, in  his  Theory  of  the  Formation  of.  the  Earth. 

Now  as  all  great  elevations  of  ground  have  been  thus  raifed 
by  fubterraneous  fires,  and  in  a long  courfe  of  time  their  lum- 
mits  have  been  worn  away,  it  happens,  that  forne  of  the  more 
interior  Rrata  of  the  earth  are  expoled  naked  on  the  tops  of’ 
mountains;  and  that,  in  general,  thofe  Rrata,  which  lie  up- 
per moft,  or  nearefl  to  the  fummit  of  the  mountain,  are  the 
lowed  in  the  contiguous  plains.  This  will  be  readily  con- 
ceived if  the  bur,  made  by  thrufting  a.  bodkin  through  feveral 
parallel  Sheets  of  paper,  had  a part  of  its  apex  cut  off  by  a pen- 
knife, and  is  fo  well  explained  by  Mr.  Michell,  in  an  inge- 
nious paper  on  the  Phenomena  of  Earthquakes,  published. a few 
years  ago  in  the  Philofophical  Tran  factions. 

And  as  the  more  elevated  parts  of  a country  are  fo  much 
colder  than  the  vallies,  owing,  perhaps,  to  a concurrence  of- 
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two  or  three  caufes,  but  particularly  to  the  lefs  con  den  fed  flate 
■of  the  air  upon  hills,  which  thence  becomes  a better  conductor 
of  heat,  as  well  as  of  electricity,  and  permits  it  to  efcape  the 
fafter  ; it  is  from  the  water  condenfed  on  thefe  cold  furfaces  of 
mountains,  that  our  common  cold  fprings  have  their  origin  ; 
and  which,  Aiding  between  two  of  the  ft  rat  a above  defcribed, 
defcend  till  they  find  or  make  themfeives  an  outlet,  and  will  in 
confequence  rife  to  a level  with  the  part  of  the  mountain  where 
they  originated.  And  hence,  if  by  piercing  the  earth  you  gain 
a fpring  between  the  fecond  and  third,  or  third  and  fourth 
ftratum,  it  muft  generally  happen,  that  the  water  from  the 
lowed:  ftratum  will  rife  the  higheft,  if  confined  in  pipes,  be- 
caufe  it  comes  originally  from  a higher  part  of  the  country  in 
its  vicinity. 

The  increafing  quantity  of  this  new  fpring,  and  its  increafing 
purity,  I fuppofe  to  be  owing  to  its  continually  diflolving  a 
part  of  the  earth  it  pafles  through,  and  hence  making  itfelf  a 
wider  channel,  and  that  through  materials  of  lefs  folubility. 
Hence  it  is  probable,  that  the  older  and  ftronger  fprings  are 
generally  the  purer ; and  that  all  fprings  were  originally  loaded 
with  the  foluble  impurities  of  the  ftrata,  through  which  they 
tran  fuded. 

Since  the  above- related  experiment  was  made,  I have  read 
with  pleafure  the  ingenious  account  of  the  King’s  wells  at 
Sheer nefs,  in  the  laft  volume  of  the  Tranfadfcions,  by  Sir 
Thomas  Hyde  Page,  in  which  the  water  rofe  three  hundred 
feet  above  its  fource  in  the  well ; and  have  alfo  been  informed, 
that  in  the  town  of  Richmond,  in  Surrey,  and  at  Infhip  near 
Prefton  in  Lancafiiire,  it  is  ufual  to  bore  for  water  through 
a lower  ftratum  of  earth  to  a certain  depth  ; and  that  when  it 
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is  found  at  both  thofe  places,  it  riles  fo  high  as  to  overflow  the 
furface  of  the  well  : all  thefe  fadts  contribute  to  eliablilh  the 
theory  above-mentioned.  And  there  is  reafon  to  conclude,,  1 
that  if  fimilar  experiments  were  made,  artificial  fprings, 
riling  above  ground,  might  in  many  places  be  thus  produced 
at  fmall  expence,  both  for  the  common  purpofes  of  life,, 
and  for  the  great  improvement  of  lands  by  occalionally  water- 
ing them. 
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SIR,  Uxbridge,  Nov.  20,  1783. 

AS  every  difcovery  in  natural  hiftory  is  efieemed  worthy  the 
notice  of  that  Society  which  was  inflituted  on  purpofe  to 
improve  natural  knowledge,  I have  taken  the  liberty  to  fend 
you  a defcription  and  drawing  of  a bird  which  haunts  the 
reeds  of  the  river  Coin,  in  the  neighbourhood  of  Uxbridge, 

# **e 

and  which  feems  to  have  hitherto  efcaped  the  notice  of  writers 
on  Britilh  Ornithology ; and  therefore  fome  account  and  de- 
fcription of  it  will  not,  I truft,  be  unacceptable  to  the  Society 
over  which  you  fo  laudably  prefide. 

The  neft  and  eggs  of  the  bird  I am  about  to  defcribe  firft 
attracted  my  attention,  ahd  led  to  the  difcovery  of  the  bird 
Itfelf.  They  were  repeatedly  brought  by  a fhherman  on  the 
Uxbridge  river,  in  the  parilh  of  Denham,  to  her  grace  the 
Duchefs  Dowager  of  Portland,  who  firft  communicated  them 
to  me.  They  were  fuppofed  by  the  fifherman  to  belong  to  the 
Sedge-bird  of  Penn  ant,  or  MotacilL  Sahcaria  of  LiNNiEUs  ; but 
being  well  acquainted  with  the  nefl  and  eggs  of  this,  I was  very 
fure  he  was  miftaken,  though  he  adtually  produced  this  bird  as 
the  true  proprietor  of  the  fubjedls  in  queftion.  The  Bruftuie 
and  pofition  of  the  nefl  having  a lingular  appearance,  and  both 
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that  and  the  eggs  belonging  to  a bird  unknown  to  me,  1 became 
defirous  of  finding  out  the  fecret  architect,  and  to  that  end  made 
life  of  fuch  means  as  I thought  mod  likely  to  promote  the 
difeovery. 

In  a fhort  time  my  expectations  were  gratified ; for  on  the 
26th  day  of  July,  1783,  intelligence  was  brought  me,  that 
fuch  a neft  as  I wanted  was  found.  I had  given  pre- 
vious direction,  that  it  fhould  not  be  disturbed  before  I had 
feen  it*  Upon  examination,  I inftantly  perceived  it  to  be  of 
the  fame  kind  and  ftruCture  with  that  under  enquiry,  contain- 
ing two  eggs,  and  two  young  ones  juft  excluded  from  the  (hell. 
One  of  the  old  birds  was  fitting  at  this  time  upon  the  neft, 
which  a perfon  in  company  attempting  to  feize,  it  flew  at  him 
with  fo  much  refentment  and  acrimony,  as  to  draw  blood  from 
the  hand  that  dared  to  moleft  its  inftinftive  operations.  Both 
the  parent  birds  continued  hovering  about  their  neft  with  much 
watchful  care  and  anxiety,  while  I made  feveral  attempts  to 
take  them  alive ; but,  finding  all  endeavours  in  vain,  left  I 
fihould  lofe  the  opportunity  of  examining  them  with  accuracy, 
I at  length,  with  reluCtance,  caufed  them  to  be  fhot.  From 
thefe  fpecimens  the  following  deferiptions  were  made,  which, 
with  an  accurate  drawing  of  one  of  them,  together  with  its 
neft  and  egg,  are  humbly  fubmitted  to  your  notice. 

From  the  generic  characters  delivered  by  Linn^us,  our  bird 
muft  evidently  be  reduced  to  the  family  of  his  Motacilla , for  it 
has  a weak,  {lender,  fubulate  bill,  almoft  ftraight ; the  man- 
dibles nearly  equal;  the  uoftrils  oval  and  naked,  or  not  covered 
with  briftles  ; the  tongue  lacerated  at  the  extremity ; the  legs 
{lender ; the  toes  divided  to  the  origin,  except  that  the  exterior 
one  is  joined,  at  the  under  part  of  the  laft  joint,  to  the  middle 
toe  ; the  claws  of  nearly  equal  length. 
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; The  male  and  female  have  the  fame  coloured  plumage,  fa 
th^t  one  defcription  will  ferve  for  both.  They  differ  a little  in 
fize,  but  their  external  appearance  is  the  fame.  They  are  both 
larger  than  the  Petty  chaps  defcribed  by  Willoughby  ; lmaller 
than  the  White-throat , and  nearly  of  the  fame  fize  with  the 
Willow-wren  ; but  to  be  more  particular. 

The  cock-bird  weighed,  when  juft  killed,  exactly  feven 
pennyweights  and  nine  grains  ; the  hen  fix  pennyweights  and 
nine  grains,  or  one  pennyweight  lefs. 

The  males  meafured,  from  tip  to  tip  of  the  extended  wings, 
feven  inches  and  a half ; the  female  fix  and  three-quarters. 

From  the  end  of  the  bill  to  the  extremity  of  the  tail,  the, 
cock  meafured  five  inches  and  a half;  the  hen  only  five 
inches. 

The  bill  in  both  meafured  half  an  inch,  which  is  longer 
in  proportion  than  in  moft  of  this  genus.  The  upper  mandi- 
ble is  of  a dark  horn  colour,  {lightly  incurved  near  the  extre- 
mity, with  a minute  indenture  on  either  fide  near  the  point ; 
the  lower  is  pale  red  or  flefh- coloured,  with  a fhade  of  yellow  ; 
the  infide  of  the  mouth  deep  orange  coloured ; the  tip  of  the 
tongue  cloven  and  ciliated  ; the  noftrils  oval,  and  deftitute  of  a 
briftly  covering ; but  at  the  bafe  of  the  upper  mandible,  on 
either  fide,  near  the  angle  of  the  mouth,  anie  three  Ihort  vz- 
briffre  pointing  downwards,  black  at  their  flimmits,  white  at 
their  bafes ; a circumftance  common  to  many  others  of  this 
genus.  The  iris  of  the  eye  is  olive-brown;  the  pupil  black. 
The  Ihort  feathers  of  the  orbits  or  eye-lalhes  are  of  a dirty 
white  colour.  From  the  corner  of  each  eye  to  the  noftiil  is  a 
broad  ftroke  or  band  of  tawny-white  feathers,  lying  over  each 
other,  and  running  narroweft  towards  the  bill  3 this  affords  an 
excellent  mark  to  diftinguifti  the  fpecies. 
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.The  feathers  of  the  head,  neck,  back,  coverts  of  die  wings  and ' 
rump,  are.  of  an  olive-brown,  with  a flight  tinge  of  green.  The 
quill  and  tail  feathers. are  all  of  a darker  hue,  or  (imply  brown  ; 
their  outward  edges  of  a paler  (hade.  I lie  tail  is  two  inches 
long,  (lightly  cuneated,  the  middle  feathers  being  a little  longer 
than  the  red,  the  others  gradually  (hotter  ; all  of  one  umloi tn. 
dun-brown  colour  edged  with  paler  brown,  and  a little  wedge- 
fhaped  at  their  ends. 

The  chin  is  white  ; the  throat,  bread,  belly,  and  parts  about 
the  vent,  are  white  with  a dight  (liaoe  of  buff  01  tawiij/  j 
but  all  thefe  feathers  (as  in  feveral  others  of  this  genus)  when 
blown  alunder,  or  clolely  examined,  are  found  to  have  their 
bafe  or  lower  half  black,  except  the  (hafts,  which  t are 
white  throughout. 

The  ridge  and  under  coverts  of  the  exterior  angle  of  the 
wing  are  of  a yellowilh-tawny  colour,  as  ate  alio  the  featneis 
of  the  thighs  ; but  thofe  of  the  knees  ate  a (hade  daikei,  Oi.  a 
pale  yellowifh  brown. 

The  legs  are  a light  olive;  the  foies  of  the  feet  bnghf  yel- 
low, with  a tinge  of  green,  which  foon  fades  after  the  bird  is 
dead.  The  inftep  is  covered  with  (even  large  imbricated  fcales, 
-and  five  fmaller  on  the  toes-,  as  in  others  of  the  genus.  The 
toes  dand  three  before,  and  one  behind;  the  claws  are  nearly 
of  equal  length  and  curvature  ; but  the  hindmod  is  thicked 
and  dronged. 

From  the  foregoing  remarks  it  is  evident,  that  the  bird  men- 
tioned is  a fpecies  of  Motacilla , which,  as  I can  find  no  inch 
defcribed  by  any  fydematic  writer,  I (hall,  venture  to  name, 
-•-after  the  Linkjean  manner, 

-Motacilla  {aruniinacea)  fupra  oiivaceti-fufpa,.  fubtus  albida, 
loiis  et  ojbitis  f ufcp-albefcen tib u s,  angulo  carpi  fubtus 
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luteo-fulvo,  cauda  fubcuneata  fufca,  plantis  Iu£eo» 
virefcentibus. 

In  regard  to  fynonyms,  the  only  author  I can  find  who  cart 
be  fufpedted  of  having  noticed  this  bird  is  Sepp,  who,  in  a late 
fplendid  work,  in  the  Dutch  language,  intituled,  Nederlandfehe 
Vogelen  (fol. chart, max..)  p.  ioi.has  defer ibed  and  figured  a bird* 
under  the  name  of  Turdus  arnndlnaceus  minimus,  called  in  Hol- 
land Karrakietje,  which  in  many  refpebts  agrees  with  our  bird  ; 
but  as  the  colour  of  the  wings  in  that  figure  is  made  a reddifb 
brown,  inftead  of  an  olive-brown,  and  the  tawny- white  Lora 
(a  moft  effential  character  to  diftinguifh  the  fpecies)  are  not  at 
all  exprefifed  ; and  the  eggs  are  made  to  be  of  a pale-blufh  colour 
with  dark  fpots,  inflead  of  a dirty-white  with  olive  fpots ; I • 
cannot  pronounce  for  certain,  that  the  bird  there  intended  by 
that  writer  is  the  fame  which  we  have  now  deferibed  ; though, 
if  fome  allowance  be  made  for  ill- colouring  and  other  omif- 
fions,  it  may  pofiibly  have  been  defigned  for  the  fame  fpecies. 

As  we  have  already  a bird,  called  in  Englifh  the  Willow- 
wren  ; ours,  being  nearly  of  the  fame  fize  and  fhape,  as  well  as 
the  fame  genus,  may,  from  its  haunts,  not  improperly  be 
denominated  the  Reed-wren . 

It  frequents  the  banks  of  the  river  Coin  near  Uxbridge,  as 
far  as  from  Harefield-Moor  down  to  Iver,  about  the  fpace  of 
five  miles,  and  very  probably  moil  other  parts  of  the  fame 
river,  though  not  as  yet  obferved. 

It  is  alfo  certainly  found  in  the  neighbourhood  of  Dartford 
in  Kent,  from  whence  a nefi:  and  eggs  were  communicated  by 
the  ingenious  Mr.  Latham  of  that  place,  but  without  know- 
ledge of  the  bird  to  which  they  belonged fo  that  there  is 
little  doubt  but  that  it  may  be  found  in  many  parts  of  the 
kingdom. 
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Its  food  is  infers,  at  leaff  in  part,  for  I obferved  it  catching 
flies.  It  hops  continually  from  fpray  to  fpray,  or  from  one 
reed  to  another,  putting  itfelf  into  a hooping  poffure  before  it 
moves.  1 heard  it  make  no  other  than  a Angle  note,  not  un- 
like the  found  of  the  word  peep,  uttered  in  a low  plaintive 
tone ; but  this  might  probably  be  only  a note  of  diftrefs,  and 
it  may  have,  perhaps,  more  pleafmg  and  melodious  ones  at 
other  times,  with  which  I am  unacquainted. 

The  neff  of  this  bird  is  a moft  curious  ftru&ure,  unlike  that 
of  any  other  I am  acquainted  with,  enough  to  point  out  the 
difference  of  the  fpecies,  if  every  other  character  was  wanting. 

It  may  not  be  amifs  here  to  obferye,  that  there  is  fuch  a 
manifeft  diverfity  in  the  materials,  locality,  and  formation  of 
neffs,  and  fuch  variety  of  colours  in  the  eggs  of  many  birds 
(in  other  refpedfs  hard  to  be  diffinguifhed),  that  it  is  pity  this 
part  of  Ornithology  has  not  been  more  attended  to.  I am  well 
convinced,  that  as  many  fpecies  of  infers , nearly  allied  to  each 
other  in  colours  and  fliape,  and  reputed  to  be  only  varieties ,.  are 
frequently,  from  a due  attention  to  their  larva  (which  are  often 
extremely  different),  difcovered  to  be  fpecies  totally  diftinffi ; fo* 
amongft  birds  of  fimilar  genus  and  feather,  their  true  differences 
may  be  often  found  by  carefully  observing  their  neffs  and  eggs, 
when  other  characters  are  fo  minute,  in  the  birds  themfelves, 
as  to  be  diffinguifhed  with  difficulty.  By  experience  I have 
found  this  to  be  remarkably  verified  in  fome  of  the  Lark  kind. 

But  to  return  to  the  neff  I was  going  to  deferibe..  It  is  com- 
pofed  externally  of  dry  ffalks  of  grafs,  lined,  for  the  moff 
part,  with  the  flowery  tufts  of  the  common  reed,  or  Arundo- 
vsallatoria , but  fometimes  with  fmall  dead  grafles,  and  a.  few 
black  horfe-hairs  to  cover  them.  This  neff  is  ufually  found 
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fufpended  or  fattened  on,  like  a hammock,  between  three  or 
four  ttaiks  of  reeds,  below  the  panicles  of  flowers,  in  fuch  a 
manner  that  the  ftalks  run  through  the  fldes  of  the  nefts  at 
nearly  equal  • diftances  ; or,  to  fpeak  more  properly,  the  nett: 
is  tied  on  to  the  reeds  with  dead  grafs,  andfometimes  (as  being 
more  eligible  when  it  can  be  had)  even  with  thread  and  pack- 
thread , emulating  the  work  of  a fempttrefs,  as  was  the  cafe  of 
the  nett  exhibited  in  the  drawing.  The  bird, , however,  though 
generally,  does  not  always  confine  her  building  to  the  fupport 
of  reeds fometimes  fhe  fixes  it  on  to  the  branches  of  the 

r 

Water-dock  \ and,  in  one  inftance  only  (that  here  delineated), 
it  was  found  fattened  to  the  trifurcated  branch  of  a Syr  Inga 
bufh,  or  Phi  lade  ip  h'us,  growing  in  a garden  hedge  by  the  rivet 
fide.  : : > •'  | 

• She  lays  commonly  four  eggs;  the  ground  colour  a dirty 
white,  flained  all  over  with  dull  olive-coloured  fpots,  but 
chiefly  at  the  greater  end,  where  are  generally  feen  two  oi* 
three  fmall  irregular  black  fcratches ; but  thefe  are  fometimes 
fcarcely  vifible. 

I mutt  not  omit,  that  both  the  nett  and  eggs  which  I have 
now  defcribed,  whether  defigned  for  the  fame  or  not,  are  well 
expreffed  by  Sepp,  in  the  work  above  cited,  under  the  article 
Wurdus  Calamoxenui , or  Rietvinck , p.  97.;  but  as  the  bird  there 
reprefented  is  evidently  the  'MotacUla  Sylvia , Lin.  or  common 
Wbite-tbpoat ^(whi(^i  is  known  to  make  a very  different  nett),! 
mm  inclined  to  believe,  that  the  author,  by  miftake,  placed  a 
bird  and  nett  in  the  fame  plate  which  do  not  belong  to  each 
• other. 

I have  reafon  to  think,  that  the  bird  I have  been  eharac- 
-terizing  is  a bird  of  migration  f for  the  inhabitants  on  the  fides 
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©f  the  Coin  do  not  recollect  ever  to  have  feen  it  in  the  winter 
months ; and  its  food  being  infeds,  it  is  probable,  it  muft  be 
obliged  to  fhift  its  quarters  for  a warmer  climate  at  the  ap- 
proach of  a fevere  feafon ; but  this  at  prefent  is  only  matter  of 
eonjedure,  and  not  certainty, 

I am,  See. 

■ G JOHN  LIGHTFOQT, 
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lit.  An  Account  of  Marne  Garau,  a Mountain  In  the  Ifland  of 
St.  Vincent,  with  a Defcription  of  the  Volcano  on  its  Summit „ 
In  a Letter  from  Mr\  James  Anderfon,  Surgeon , to  Mr, 
Forfyth,  His  Majefly  s Gardener  at  Kenfington ; communi- 
cated by  the  Right  Honourable  Sir  George  Yonge,  Rart* , 
iff  R.  S, 
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ry^HE  many  ridges  of  mountains  which  interfefil  this  ifland 
-Jl  in  all  directions,  and  rife  in  gradations,  one  above  the 
other,  to  a very  great  height,  with  the  rivers  tumbling  from 
their  tides  over  very  high  precipices,  render  it  exceeding  difficult 
to  explore  its  interior  parts. 

The  moft  remarkable  of  thefe  mountains  is  one  that  termi- 
nates the  N.W.  end  of  the  ifland,  and  the  highefl  in  it,  and 
has  always  been  mentioned  to  have  had  volcanic  eruptions  from 
it.  The  traditions  of  the  oldefl  inhabitants  in  the  ifland,  and 
the  ravins  at  its  bottom,  feem  to  me  to  vindicate  the  aflertion 
As  I was  determined,  during  my  flay  in  the  ifland,  to  fee  as 
much  of  it  as  I could ; and  as  I knew,  from  the  altitude  of 
this  mountain,  there  was  a probability  of  meeting  with  plants 
on  it  I could  find  in  no  other  part  of  the  ifland  ; I fhould 
have  attempted  going  up  if  I had  heard  nothing  of  a volcano 
being  on  it.  But  viewing  the  mountain  at  a diflance,  the 
ffrucf  ure  of  it  was  different  from  any  in  the  ifland,  or  any  I had 
feen  in  the  Well  Indies.  I could  perceive  it  divided  into  many 
2 different 
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different  ridges,  feparated  by  very  deep  chafms,  and  its  fum- 
mit  appeared  quite  defritute  of  any  vegetable  production.  On 
examining  feveral  ravins,  that  run  from  the  bottom  a great  way 
up  the  mountain,  I perceived  they  were  quite  defKtute  of  water, 
and  found  pieces  of  pumicecftone,  charcoal,  feveral  earths  and 
minerals,  that  plainly  indicated  there  muff  be  fome  very  dngu- 
iar  place  or  other  on  fome  part  of  the  mountain.  I alfo  recol- 
lected a ftory  told  by  fome  very  old  men  in  the  ifland,  that 
they  had  heard  the  captain  of  a drip  fay,  that  between  this 
ifland  and  St.  Lucia  he  faw,  towards  night,  flames  and  fmoke 
ifliiing  from  the  top  of  this  mountain,  and  next  morning  his 
decks  were  covered  with  adres  and  (mail  ffones.  This,  you 
may  readily  imagine,  was  excitement  enough  to  examine  it,  if  1 
pofiibly  could  ; but  I was  much  difcouraged  upon  being  told, 
it  was  impodible  to  gain  the  dammit  of  it ; nor  could  I get 
either  white  men,  Carribbee,  or  Negro,  that  would  undertake 
to  conduCl  me  up  for  any  reward  I could  offer ; nor  could  I get 
any  information  relative  to  it.  But  as  difficulty  to  attain  in- 
bailees  the  value  of  the  object,  fo  the  more  I was  told  of  the 
impodibility  of  going  up,  the  more  was  1 determined  to 
attempt  it. 

After  I had  examined  the  balls  of  it,  as  far  as  I could  for  the 
fea  and  other  mountains,  to  find  the  mod:  probable  place  to 
commence  my  journey,  I obferved  an  opening  of  feveral  large 
and  dry  ravins,  that  feemingly  ran  a great  way  up  ; but  I was 
not  fure  if  they  were  not  interfeCled  by  fome  rocks  or  preci- 
pices I could  not  get  over.  I came  to  Mr.  Malgune’s,  about 
a milediftant  from  the  mountain,  but  the  nigheft  houfe  to  it 
I could  day  at  all  night.  Here  I met  with  a friendly  recep- 
tion and  great  hofpitality.  After  communicating  my  inten- 
tions to  him,  he  told  me,  he  would  give  me  every  abidance 
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he  could,  by  fending  fome  trufly  negroes  with  me,  and  wifhed. 
he  was  able  to  go  with  me  himfelf.  This  was  a kind  offer  to 
me,  in  my  then  fituation,  as  negroes  were  what  I only  wanted, 
having  only  one  boy  belonging  to  Dr.  Young  with  me.  I 
knew,  if  I had  great  difficulties  in  the  woods,  he  and  I both 
fhould  be  inadequate  to  the  talk,  as  in  a fhort  time  we  fhould  be 
fo  wearied  as  to  be  unable  to  proceed  : from  what  I had  feen  of 
the  mountain,  I knew  I muff:  be  under  the  neceffity  of  carrying 
water  with  me ; and  from  the  great  diflance  to  the  top,  and 
obffrudlions  we  might  naturally  expedt,  I fhould  at  leaff: 
require  two  days  to  accomplifh  it. 

By  examining  the  fide  of  the  mountain  towards  me  with  a 
good  glafs,  I imagined  I faw  two  ridges  I might  get  up.  I per- 
ceived  they  were  covered  great  part  of  the  way  with  thick 
wood yet  1 hoped,  with  a little  cutting,  I fhould  be  able  to 
fcramble  through  them.  I appointed  next  morning  to  begin 
my  route  by  one  of  thefe  ridges. 

February  26,  1784,  I left.  Mr.  Maloune’s  about  fun-rife, . 
with  two  flout  negroes  and  Dr.  Young’s  boy  ; each  of  us  hav- 
ing a good  cutlafs,  as  well  to  clear  our  way  through  the  woods', 
as  to  defend  us  in  cafe  we  fhould  be  attacked  by  Caribbees  or 
xun-away  negroes.  We  arrived  at  the  bottom  of  the  mountain 
a little  before  feven  in  the  morning.  To  get  to  either  of  the 
ridges,  we  found  we  had  a rock  to  climb  above  forty  feet 
high : it  was  with  great  difficulty  we  fcrambled  up,  affifD 
ing  one  another  in  the  befl  manner  we  could  ; here  we  found  it 
necefl’ary  to  contract  our  baggage.  After  getting  up  this  rock, 

I found  my.fetf  in  the  bottom  of  a narrow  and-  deep  ravin. 
Having  afeended  this  ravin  a little  way,  I faw  fome  cleared 
ground  on  its ' fades,  with  tobacco  growing.  This  I conjec- 
tured was  the.  habitation  of  fome  Caribbees;  but  1 was  much 

furprifed  . 
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furprifed  when  one  of  the  negroes  I had  with,  me  told. me,  it 
was  the  habitation  of  a Mr.  Gasco,  a Frenchman.  What; 
could  induce  a flout  healthy  man  in  the  prime. of  life,  and  a, 
good  mechanic#,  with  feveral  negroes,  to  take  up  his  refidence. 
among  rocks  and  precipices,  excluded  from  the  whole  world, 
is  a myflery  to  me.  Betides,  by  every  torrent  of  rain  that, 
happens,  he  may  expefl  himfelf  and,  all  his  habitation  to  be 
walked  over  the  rocks  into  the  ocean.  Notwithflanding  his 
lingular  fit-nation,  I found  him  an  intelligent  man,  and  I expe- 
rienced every  holpitaiity  his  poor  cottage  could  afford. 

The  difficulty  of  going  through  woods  in  the  Weft  Indies, 
where  there  are  no  roads  or  paths,  is  far  beyond  any  thing  an 
European  can  conceive.  Belides  tall  trees  and  thick  under- 
wood:, there  are  hundreds  of  different  climbing  plants  twifted 
together  like  ropes,  and  running  in  all  dire&ions  to  a great  ex- 
tent, and  even  to  the  tops  of  the  higheft  trees ; by  pulhing  on 
they  cannot  be  broke,  and  many  of  them  with  difficulty  cut ; 
belides  a fpecies  of  grafs,  the  Schoenus  Lithofpermos , with  tier- 
rated  leaves,  that  cuts  and  tears  the  hands  and  face  terribly. 
With  fuch  obftruclions  as  thefe  it  was  above  two  hours  before 
we  got  on  the  ridge,  where  I was  in  hopes  our  paffage  would 
have  been  eafier;  but  I foon  found  my  miftake,  for  I was  fur- 
rounded  with  a thick  foreft,  much  more  difficult  to  get  through 
than  before,  on  account  of  the  large  piles  of  trees  broken  down 
by  the  hurricanes,  to  pafs  which  in  many  parts  we  were  obliged 
to  creep  on  our  hands  and  feet  to  get  below  them,  and  in  other 
places  to  climb  a great  height  above  the  furface  of  the  ground, 
to  get  over  large  trunks  lying  on  one  another,  and  thefe  being 
frequently  rotten,  occalioned  us.  to  tumble  headlong  down  to  .a. 
great  depth,  among  rotten  wood  and  grafs,  fo  that  it  was  with 
great  difficulty  I and  the  negroes  could  extricate  ourfelves.  By^ 
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cbnftaiitly  cutting  to  clear  our  way,  I,  as  well  as  my  Compa- 
nions, grew  muon  Fatigued,  and  they  wifhcd  much  to  return 
back.  About  lour  in  tiie  afternoon  1 could  not  prevail  upon 
them  to  proceed  farther;  if  they  did,  they  could  not  return 
before  dark,  and  they  would  not  deep  all  night  in  the  woods  ; 
but  laid,  if  I flayed  they  would  return  to  me  next  moraine:.  I 

"i  • . O 

faw  it  \Vas  impofii.ble  to  gain  the  fummit  of  the  mountain  with, 
the  boy  only  by  that  route : I likewife  law  the  Woods 
growing  more  difficult,  my  water  alfo  totally  expended  : 
from  thefe  conflderations  I intended  to  go  down  to  the  French- 
man’s, and  remain  there  all  night,  and  try  another  route  with 
my  boy  next  morning,  hoping  I might  be  fortunate  enough  to 
find  an  ealier  paflage.  I arrived  at  Mr.  Gascons  a little  after 
fun-fet,  being  much  fatigued  and  thirffy,  and  never  expe- 
rienced more  hofpitality  and  kindnefs  than  from  this  man  ill 
his  miferable  cot ; for  we  ought  not  to  judge  of  the  value  of  the 
things  received,  but  of  the  difpofition  of  the  heart  with  which 
they  are  given.  He  parted  with  his  hammock  to  me,  andflept  on 
a board  himfelf.  This  I at  firft  refufed;  but  he  infilled  on  it, 
telling  me,  from  my  hardfhips  of  the  day  I was  much  more 
tired  than  he.  I took  the  hammock,  but  I found  it  was  impoffible 
to  clofe  my  eyes  during  the  night  with  cold.  His  hut  was 
built  of  rofeaux  or  large  reeds,  between  each  of  which  a dog 
might  creep  through,  and  the  top  was  covered  with  dry  grafs» 
It  is  lituated  in  the  bottom  of  a deep  gully,  where  the  fun 
does  not  £hine  till  nine  in  the  morning,  nor  after  four  in  the 
afternoon.  It  is  furrounded  by  thick  wood,  and  during  the 
night  the  whole  of  the  mountain  is  covered  with  thick  clouds, 
from  which  it  frequently  rains ; this  makes  the  night  air  ex- 
ceedingly cold.  I got  ready  to  renew  my  journey  next  morn- 
ing, having  only  Dr,  Young’s  boy  with  me,  who  continued 
i very 
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very  faithful  to  me  during  this  excurfion,  being  very  adtive  and 
hardy  : I do  not  know  if  I could  ha  vet*  gone  through  this  fa- 
tigue had  it  not  been  for  his  abidance.  I now  determined  to 
commence  this  day*  s route  up  the  ravin,  as  -it  feemed  to  widen 
and  apparently  run  a cotifi  durable  way  up  in  the  direction  I 
widied  for;  and  if  I could  get  out  of  it  upon  the  other  ridge, 
it  would  at  lead  be  two  miles  nearer  than  the  way  I had  at- 
tempted yederdav,  and  probably,  after  getting  out  of  it,  I 
might  find  wood  eader  of  accefs.  In  this  ravin  I got  tip  about 
a mile  and  a half,  without  meeting  with  any  conhderahle  ob- 
ftru&ion.  Encouraged  by  getting  fo  far,  although  the  iravin, 
Was  narrowing  fad,  with  numbers  of  rocks  and  precipices  to 
climb  over,  with  vines  and  bufhes  difficult  to  get  through,  I. 
was  refolved  to  perfid  in  this  route,  and  determined  by  every 
podible  means  to  get  to  the  objedl  of  my  w idles,.  well  knowing 
if  I could  not  perform  it  this  way,  I might  abandon  it  entirely. 
After  climbing  over  a number  of  difficult  paftes,  the  ravin  ter- 
minated at  the  bottom  of  a very  high  precipice;  how  far  it 
was  to  the  fummit  I did  not  know,  being  covered  toward  the,, 
top  with  thick  wood  ; but  from  the  bottom  upwards  it 
was  loofe  fand  as  far  as  I could  fee,  with  ferns  and  tufts  of 
grafs,  which,  as  foon  as  I took  hold  of  them,  came  out 
at  the  roots.  The  precipice  being  fo  very  deep,  with  no  trees- 
or  bufhes  on  it  to  affid  me  in  getting  up,  I plainly  faw  the  at- 
tempting to  climb  it  was  at  the  rifk  of  my  life however,  I 
tvas  refolved  to  try  it,  and  telling  the  boy  to  keep  fome  didance 
behind  me,  in  cafe  Tffiould  tumble  and  drive  him  down  alone- 

O’? 

with  me,  I began  to  afeend,  holding  the  tufts,  of  grafs  as. 
lightly  as  podible,  and  digging  holes  with  my  cutlafs  to  put 
my  feet  in  ; but  I often  loft  my  hold,  and  frequently  flipped 
down  a confiderable  diftance  r however,  as  it  was  nothing  but 
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loofe  faud,  1 could  eafily  pufh  my  cutlafs  into  it  to  the  handle,' 
and  by  grafping  it  could  recover  myfelf  again.  Had  I not 
taken  the  refolution  before  1 began  to  afceqd  to  dived:  myfelf  of 
fear,  I could  not  poffibly  have  gone,  for  the  terror  of  falling 
would  have,  been  the  means  of  it  every,  infant.  I got  up  to 
fome  wild  plantains,  which  I law  continued  all  the  way  to 
the  place  where  the  bulhes  and  trees  began  to  grow.  I here 
reded  myfelf,  and  waited  for  < the  boy’s  getting  to  me,  which 
he  did  much  eafer  than  I,  although  he  had  the  provifions  and 
water,  owing  to  the  track  I had  made,  and  becaufe,  being 
much  lighter,  he  could  better  truft  himfelf  to  the  grafs  and 
ferns.  After  fome  labour  we  arrived  at  the  top  of  the  preci- 
pice. I found  myfelf  on  a very  narrow  ridge,  thickly  covered 
with  wood,  'and  bounded  by  two  ravins,  the  bottoms  of  which 
I could  not  fee  ; "the  defcent  .to  them  feemed  to  be  nearly  per- 
pendicular, yet  all  the  way  covered  with  thick  wood.  After  re- 
frefhing  ourfelves,  we  began  our  fatigue,  the  boy  and  I cutting, 
and  carrying  our  water  and  provibons,  alternately.  When  we 
had  got  fome  way,  I found  I was  on  an  exceeding  narrow  ridge, 
in  many  parts  not  f x feet  broad ; on  each  lide  a tremendous 
gulf,  "into  one  or  other  of  which  I was  often  in  danger  of  fal- 
ling, fo  that  with  great  caution,  I was  obliged. to  lie  down  on 
my  belly,  to  fee  through  the  bullies  how  the  ridge  tended.  Here 
I began  to  fmell  fulphur,  or  rather  a fmell  like  gunpowder. 
As  I knew  this  fmell  mud  come  from  the  top  of  the  mountain,, 
being  in  the  direction  of  the  wind,  1 was  in  hopes  we  could, 
not  be  far  from  it,  as  the  fmell  grew  ftronger  and  flronger  as  I 
afeended.  I faw  a riling  before  me,  and  thought  if  I was  once 
on  it,  if  the  top  of  the  mountain  was  near  I could  have  a view 
of  it ; but  having  got  on  this  riling  I could  only  fee  a high  peak 
■#nthe  N.W.  end  of  the  mountain,  and  by  appearance  ! thought 
6 myfe’f 
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In  vie  If  very  little  nearer  than  when  I was  at  the  bottom.  The 
woods  now  became  very  difficult  to  get  through;  great  quan- 
tities of  fallen  trees  lying  buried  under  long  grafs  and  being, 
rotten,  when  I thought  m’yfelf  walking  on  the  ground,  I was 
frequently'  buried  a great  depth  among  them.'  Being  now 
about  noon,  and  my  turn  to  carry  the  baggage.,  and  confe- 
quently  my  turn  of  reft,  I was  furprhed  to  hear  a ruffling 
among  the  buffies,  and  fomething  like  a human  voice  behind 
me.  As  we  were  now  in  a place  where  I had  little  reafon  to 
fuppofe  there  had  been  a human  foot  before,  and  - could  not 
imagine  there  could  be  habitations  of  Caribhees  or  run-away 
negroes,  fince  from  the  barren nefs  • of  the  mountain  they 
could  not  poffibly  find  any  provisions  to  fubfift  on,  I told  the  boy 
to  hand  hill,  and  let  us  wait  their  coming  up;  for  if  they  were 
Caribhees  advancing  with  an  intention  to  hurt  us,  there  was  no 
alternative  but  to  defend  ourfelves.  You  may  imagine  my  fur- 
prife  when  I faw  one  of  the  negroes  who  had  been  with  me  the 
day  before,  with  three  others,  which  Mr.  Maloune  had  fen t 
to  my  affihance,  with  plenty  of  . provihons.  After  refresh- 
ment, with  this  affihance,  I renewed  my  labours  with  freffi 
fpirits,  and  thought  I was  fure  of  reaching  the  top  before 
night.  Having  proceeded  a little,  I had  a fair  view  of  the 
ravin  on  my  left,  which  was  of  prodigious  depth,  and  ran 
from  near  the  top  of  the  mountain  to  the  fea ; its  bottom 
feemed  to  be  a rock  of  a colour  nearly-  refembling  lava,  and 
appeared  as  if  there  had  been  vah  torrents  of  • fulphureous  mat- 
ter running  in  it  home  time.  I regretted  much  I knew  not  of 
this  ravin  before  I commenced  my  excurlion,  as  by > puffing  a 
head-land  in  a canoe,  and  getting  into  the  ravin,  I might  have 
gained. the  fummit  of  the  mountain,  without  experiencing  the 
delays  and  difficulties  X here  encountered.  It  was  now  about 
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4 P.M.  and  I had  no  profpeft  of  the  mountain’s  top ; but  from 
the  afcent  of  the  ravin  below,  I knew  it  was  a great  way  off.  I 
thought  if  I could  get  into  the  ravin  before  night,  I could  get 
sadly  up  next  morning.  After  cutting  a great  way  through 
wild  plantains,  the  fun  near  fetting,  I found  myfelf  almod 
over  the  verge  of  a precipice  } by  catching  hold  of  fome  fhrubs 
t prevented  myfelf  from  falling.  We  were  now  about  half- 
way down  ; but  all  the  way  below  us,  as  far  as  we  could  fee, 
was  a perpendicular  precipice  of  rock,  feveral  hundred  feet 
high-5  -to  pafs  which  was  impodible.  I had  a view  of  fome  part 
of  the  top  of  the  mountain,  which  I faw  was  yet  far  from  me  ; 
nor  could  I attempt  any  other  way  than  the  ridge  I had  left. 
Being  now  fun-fet,  and  the  negroes  very  difcontented,  becaufe 
they  could  not  return  that  night,  1 found  we  muff  take  up  our 
night’s  refidence  in  the  place  where  we  were.  It  was  a very 
unfavourable  one,  there  being  nothing  but  plantains  growing, 
which  retaining  the  rain  long  in  their  leaves,  and  being  frequently 
agitated  by  the  wind,  were  condantly  dropping,  and  kept  the 
ground  always  mold.  Being  almod  dark,  we  had  time  to  make 
tis  no  other  habitation,  than  placing  two  or  three  dicks  againd 
an  old  dump  of  a tree,  and  dightly  covering  them  with  plantain 
leaves.  After  getting  together  fome  little  wood  to  make  a fire 
to  keep  us  comfortable,  it  began  to  blow  and  rain  violently, 
which  continued  all  night.  We  foon  found  our  building 
afforded  us  no  fhelter,  and  the  wood  would  not  burn,  fo  that 
we  could  not  get  any  fire  ; and  the  ground  on  which  we  were 
lituated  would  not  allow  the  lead  exercife  to  keep  us  warm# 
From  fu-ch  a miferable  night  I experienced  no  mitigation  for 
the  fatigues  of  the  day.  I widied  for  the  rifing  fun,  to  renew 
tny  labours,;  which  I at  lad  beheld  with  inex.prefiible  joy. 
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As  foon  as  we  could  fee,  we  returned  to  the  ridge  We  left 
the  night  before,  and  began  to  work  with  alacrity,  as  we  were 
almoft  chilled  with  cold.  I puflied  on  as  fall  as  poffible,  and 
about  ten  o'clock  found  the  woods  began  to  grow  thin.  I 
could  not  fee  the  top  of  the  mountain,  but  had  a view  of  fe- 
veral  ridges  that  joined  it.  From  the  wind  falling,  and  the 
heat  growing  intenfe,  I thought  we  mud  then  be  under  the 
cover  of  the  lummit : 1 here  found  many  new  plants.  About 
eleven  A.M.  I was  overjoyed  to  have  a full  view  of  thefummit 
of  the  mountain,  nearly  a mile  diftant  from  us,  and  that  we 
were  nearly  out  of  the  woody  region.  The  top  feemed  to  be 
compofed  of  fix  or  feven  different  ridges,  very  much  broken  in 
the  fides,  as  if  they  had  buffered  great  eonvulhons  of  nature  ; 
they  were  divided  by  amazing  deep  ravins,  without  any  water 
in  them.  I obferved  where  the  ridges  meet  the  edge  of  a large 
excavation,  as  it  feemed  to  be,  on  the  highefl  part.  I imagined 
this  might  be  the  mouth  of  the  crater,  and  directed  my  courfc 
to  a high  peak  which  overlooked  it.  1 found  here  a moft 
beautiful  tree  which  compofed  the  laft  wood.  After  that  I en- 
tered into  a thick  long  grabs,  intermixed  with  fern,  which 
branched  and  ran  in  every  direction.  To  break  it  was  impof- 
fible,  and  with  great  difficulty  I could  cut  it ; fo  that  in  clear-* 
log  our  way  through  this  grabs,  eight  or  ten  feet  high,  there  was 
equal  difficulty  as  in  the  woods,  and  it  feemed  to  continue 
very  near  to  the  top  of  the  mountain.  Being  now  about  noon,  I 
and  the  negroes  were  fo  fatigued  as  hardly  to  be  able  to  Band  ; 
our  third  very  great,  to  allay  which,  as  much  as  poffible,  we 
chewed  the  leaves  of  the  Begonia  obliqua.  Two  of  the  negroes 
returned,  and  the  others  faid  they  wrould  go  no  farther  with 
me,  as  they  muff  perifh  for  want  of  water,  and  it  would  be 
impoffible  to  get  to  the  bottom  before  night,  and  they  mud:  all 
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die  in  the  woods.  The  propriety  of  their  reafomng  was  evi- 
dent  to  me;  yet  I thought  it  hard,  after  the  fatigues  of  three 
days  and  two  nights,  to  - be  within  half  a mile  of  the  top, 
and  not  be  able  to  get  up,  and  to  know  little  more  about  it  than  I 
did  at  the  bottom.  As  the  negroes  had  not  the  fame  motive 
for  going  up  as  1,  all  my  reafoning  was  to  them  ineffectual ; I 
found  I was  obliged  to  return  myfelf,  as  f could  not  perfiff 
alone.  At  half  paft  twelve  we  began  to  defcend  the  fame  way 
we  came.  As  there  was  now  a clear  path  all  the  way  to 
the  bottom,  we  got  down  to  Mr,  G a sCo’s  by  fun-fet.  After 
fitting  fome  time  here,  I was  hardly  able  to  rife  again,  I wasfo 
tired  ; and  my  feet  were  fo  fore  I could  hardly  hand  on  them, 
for,  my  fhoes  being  torn  to  pieces,  I came  down  the  whole  way; 
bare- footed.  I continued  my  journey,  however,  to  Mr.  Ma» 
loune’s,  where  I arrived  between  fix  and  feven  at  night. 

March  4th,  being  the  day  I had  fixed  to  finifh  my  excurfion, . 
about  four  in  the  morning,  I left  the  houfe  of  Mr.  Fraser,.. 
who  out  of  curiofity  agreed  to  accompany  me,  of  which  I was 
very  glad,  as  he  was  a fenfible  young  man  ; and  with  the  affift— 
ance  of  two  negroes  we  purfued  our  journey.  We  found  very 
little  obftruCtion  in  our  way  up,  until  we  got  to  the  place  where 
I returned  ; and  there,  for  about  a quarter  of  a mile,  we  had 
confiderabie  difficulty  to  clear  our  way  through  grafs  and  ferns. 
After  we  came  within  a quarter  of  a mile  from  the  top,  we 
found  ourfelves  in  another  climate  all  at  once,  the  air  very  cold, 
and  the  vegetable  productions  changed  ; here  was  nothing  but 
barrennefs  over  the  whole  fummit  of  the  mountain.  On  the 
confines  of  the  grafl’y  region  and  the  barren  I found  fome  beau- 
tiful plants.  Mofs  grows  here  in  fuch  plenty,  that  I frequently 
funk  up  to  my  knees  in  it.  This  is  the  only  place  in  the  Weft 
Indies  that  produced  any  mofs  that  I have  feen.  About  noon 

we 
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xve  gained  the  top  of  the  peak  I had  diredbd  mj  conrfe  to  be- 
fore ; when,  in  an  iuftant,  we  were  fnrprifed  wkh  one  of  the 
gran  deft  and  moft  awful  fcenes  I had  ever  beheld*  I was  track 
with  it  amazingly,  as  I could  not  have  conceived  fuch  a very 
large  and  fo  fmguiarly  formed  an  excavation.  It  is  fituated  on 
the  center  of  the  mountain,  and  where  the  various  ridges 
unite.  Its  diameter  is  fomething  more  than  a mile,  and  its  cir- 
cumference to  appearance  a perfed  circle.  Its  depth  from  the 
furrounding  margin  is  above  a quarter  of  a mile,  and  it  nar- 
rows a little,  but  very  regularly,  to  the  bottom.  Its  hides  are 
very  fmooth,  and  for  the  moft  part  covered  with  fhort  tnofis* 
except  towards  the  fouth,  where  there  are  a number  of  fmall 
holes  and  rents.  This  is  the  only  place  where  it  is  poffihle  to 
go  down  to  the  bottom  : it  is  exceedingly  dangerous,  owing  to 
the  numberlefs  fmall  chafms.  On  the  weft  fide  is  a fedion  of 
red  rock  like  granite,  cut  very  fmooth,  and  of  the  fame  decli- 
vity with  the  other  parts.  All  the  reft  of  the  furrounding  Tides 
feems  to  be  compofed  of  fand,  that  looks  to  have  undergone 
the  adion  of  intenfe  fire.  It  has  a cruft  quite  fmooth,  of 
about  an  inch  thick,  and  hard  almoft  as  rock  ; after  breaking 
through  which,  you  find  nothing  but.loofe  fand.  In  the  center 
of  the  bottom  is  a burning  mountain  of  about  a mile  in  cir- 
cumference, of  a conic  form,  but  quite  level.  On  the  fum- 
mit,  out  of  the  center  of  the  top,  arifes  another  mount,  eight 
or  ten  feet  high,  a perfed  cone ; from  its  apex  iffues  a column 
of  fmoke.  It  is  compofed  of  large  mafles  of  red  granite- like 
rock  of  various  fizes  and  ftiapes,  which  appear  to  have  been 
fplit  into  their  prefent  magnitudes  by  fome  terrible  convuifion 
of  nature,  and  are  piled  up  very  regular.  From. moft  parts  of 
the  mountain  ififue  great  quantities  of  fmoke,..  efpecially  on  the 
north  fide,  which  appears  to  be  burning  from  top  to  bottom, 
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and  the  heat  is  fo  inter] fe,  that  it  is  irapoffible  to  go  upon  it. 
Going  round  the  bafeis  very  dangerous,  as  large  mafles  of  rock 
are  condantly  fplittrng  with  the  heat,  and  tumbling  to  the  bot- 
tom. At  the  bottom,  on  the-  north  fide,  is  a very  large  rock 
fplit  in  two  ; each  of  thefe  halves,  which  are  feparated  to  a 
confide  table  didance  from  each  other,  is  rent  in  all  directions,  and 
from  the  crevices  idue  efflorescences  of  a glofiy  appearance,  which* 
tafte  like  vitriol,  and  alfo  beautiful  crydallizations  of  fulphur. 
On  all  parts  of  the  mountain  are  great  quantities  of  fulphur  in  all 
flatus;  alfo  alum,  vitriol,  and  other  minerals.  From  the  external 
appearance,  of  this  mountain,.  I imagine  it  has  only  begun  to 
burn  lately,  as  on  feveral  parts  of  it  I faw  frnall  fhrubs  and- 
grafs,  which  looked  as  if  they  had  been  lately  fcorched  and 
burnt.  There  are  feveral  holes  on  the  fotrth,  from  which  i/Tues 
fmoke,  feemingly  broken  out  lately,  as  the  bufhes  round  are  but 
lately  burnt.  On  two  oppofite  fides  of  the  burning  mountain, 
eaft  and  wed,  reaching  from  its  bafe  to  that  of  the  fide  of  the 
crater,  are  two  lakes  of  water,  about  a done’s  throw  in  breadth  ; 
they  appear  to  be  deep  in  the  middle  ; their  bottom  to  be  co- 
vered' with  a clay-like  fubdance.  The  water  leems  pleafant  to- 
the  tade,  and  is  of  a chalybeate  nature.  1 fuppofe  thefe  lakes 
receive  great  in creafe,  if  they  are  not  entirely  lupported,  by  the1 
rain  that  tumbles  down  the  fide  of  the  crater.  I obferved  on* 
the  north  fide  of  the  bottom  traces  of  beds  of  rivers,  that  to 
appearance  run  great  quantities  of  water  at  times  to  both  thefe 
lakes.  By  the  dones  at  their  edges,  I could  perceive  that  either 
abforption  or  evaporation,  or  perhaps  both,  go  on  fad.  The 
greater  part  of  the  bottom  of  the  crater,  except  the  mountain 
and  two  lakes,  is  very  level.  On  the  fouth  part  are  feveral 
fhrubs  and  fmall  trees.  There  are  many  dones  in  it  that  feem 
to  be  impregnated  with  minerals  r 1 faw  feveral  pieces  of  pn- 
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mice-flone.  I alfo  found  many  Hones  about  the  lize  of  a man’s 
fill,  rough,  on  one  fide  blue,  which  appearance,  I imagine, 
they  have  got  from  heat,  and  being  in  contact  with  fome 
mineral.  Thefe  hones  are  fcattered  over  the  whole  mountain, 
one  or  two  of  which  I have  fent  you,  with  fome  others. 

After  I had  got  up  from  the  bottom  of  the  crater,  I could  not 
help  viewing  it  with  admiration,  from,  its  wonderful  flru&ure 
and  regularity.  Here  1 found  an  excavation  cut  through  the 
mountain  and  rocks  to  an  amazing  depth,  and  with  as  much, 
regularity  and  proportion  of  its  conhituent  parts,  as  if  it  had 
been  planned  by  the  hand  of  themofl  Ikilful  mathematician.  I 
wifhed  much  to  remain,  on  the  mountain  all  night,  to  examine 
its  feveral  ridges  with  more  attention  next  day  ; but  I could  not 
prevail  on  my  companion  to  fla}g  and  therefore  thought  it 
advifable  to  accompany  him'. 

I obferved  the  motion  of  the  clouds  on  this  mountain  to  be 
very  lingular.  Although  there  are  leveral  parts  on  it  higher 
than  the  mouth  of  the  crater,,  yet  I law  their  attraction  was 
always  to  it.  After  entering  on  its  eaffc  or  windward  lide,  they 
funk  a confiderable  way  into  it ; then,  mounting;  the  oppolite 
lide,  and-  whirling  round  the  north, -weft  fide,  they  ran  along  & 
ridge,  which  tended  nearly  north-eaft,  and  afterwards  funk 
into  a deep  ravin,  which  divided' this  ridge  from  another  on  the 
north- well  corner  of  the  mountain,  and  the  highell  on  it,  lying 
in  a diredtion  nearly  fouth  and  north.  They  keep  the  courfe  of 
this  ridge  to  the  fjuth  end,  and:  then  whirl  off  well  in.  their 
natural  courfe..  ■ \ 

I took  my  departure,  from,  the  mountain  with  great  relu&ance. 
Although  I encountered  many  difficulties  to  get  up,  yet  it 
amply  rewarded  me  for  all  my  toil ; but  I had  not  time,  to- 
examine  it  with,  that  attention.  1 wifhed*  When  I got  on  the 
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from  which  I had  my  fir  ft  view  of  it,  and  from]  which  I 
could  fee  its  different  parts*  1 could  not  help  reviewing  k 
feveral  times.  After  imprinting  its  ftrudture  on  my  mind*  I 
took  my  final  adieu  of  it,  and  returned  down,  and  got  to  Mr. 
Fraser’s  houfe  about  (even  at  night,  much  fatigued. 

I am  lorry  I had  no  inftrumeuts,  to  take  the  ftate  of  the  air, 
nor  the  exadl  climenfions  of  the  different  parts  of  the  mourn 
tain;  but,  I believe,  on  meafurement, 'they  will  be  more  than 
2 have  mentioned. 

From  the  fituation  of  thefe  ifiands  to  one  another,  and  to  the 
continent  of  South  America,  I imagine  there  are  fub-marine 
^communications  between  the  burning  mountains  or  volcanoes 
In  -each -of  them,  and  from  them  to  the  volcanoes  on  the  high 
^mountains  of  America,  The  iflands,  which  are  fituated  next 
?the  continent,  feem  to  tend  in  the  direction  of  thofe  moun- 
;taios  5 and  I have  obferved,  -that  the  crater  in  this  ifland  lies 
-nearly -in  a line  with  Soufriere  in  St.  Lucia  and  Morne  Pelee  in 
Martinique,  and  I dare  fay  from  Morne  Pelee  to  a place  of  the 
fame  kind  in  Dominique,  and  from  it  to  the  others ; as  it  is  cer- 
tain there  is  fomething  of  this  kind  in  each  of  thefe  Iflands, 
Ifiarbadoes  and  Tobago  excepted,  which  are  quite  out  of  the 
range  of  the  reft. 

There  is  no  doubt  but  eruptions  or  different  changes  in  fome 
of  them,  although  at  a great  diftance,  may  be  communicated 
to  and  affect  the  others  in  various  manners.  It  is  obferved  by 
the 'inhabitants  round  thefe  burning  mountains,  that  fhocks  of 
earthquakes  are  frequent  near  them,  and  more  fenfibly  felt 
-than  in  other  parts  of  the  ifland,  and  the  fhocks  always  go  in 
the  dire&ion  of  them. 

I cannot  omit  mentioning  the  great  afliftance  I received  in 

ft!ie  above  excurflon  from  Dr.  Young,  Mr.  Madoune,  and  Mr. 

Fr  aser  | 


Fraser  ; for,  without  the  aid  of  their  negroes,  I could  not 
have  poffibly  gone  through  with  it. 


References  to  the  figure,  tab.  II. 


A i.  The  fummit  that  overlooks  the  crater,  from  which  the 
drawing  is  taken. 

AAA  A.  The  circumference  of  the  crater. 

BBBB.  The  circumference  of  the  bottom.. 

C.  The  burning  mountain. 

D,  The  fmali  one  on  its  fummit. , 

RE,  The  two  lakes  of  water. 

F.  The.feaion  of  the  rock  on  the  weft  fide  of  the  crater. 

G.  The  large  ravin. 

HHHH.  Ravins  of  great  depth. 

L Erflorefcence  on  the  north  end  of  the  rock,  which  at  a 
diftance  looks  like  alum  or  nitre. 

1,2.34.5.6.  The  different  ridges  on  the  fummit  of  the  moun-r 
tain,  as  they  join  the  crater. 

7.  Woods  deftroyed  by  the  hurricane. 

S.8>  The  clouds  going  to  the  fouthward  of  the  weft  ridge* 
after  palling  north  on  the  weft  fide  of  the  crater. 

9.9.9.  Where  I defcended  into  the  bottom  of  the  crater. 

i and  10.  The  fummit  and  bafe . of  the  ridge  on  which  1a 


afcended  the  mountain. 


[ 3*  ] 


:IV*  A Supplement  to  the  Third  Part  of  the  Paper  on  the  Sum* 
rhation  of  infinite  Series , in  the  Philofophical  TranfafUons 
for  the  Tear  1782.  By  the  Rev.  8.  Vince,  M.  A.-, 
communicated  hy  Nevil  Malkelyne,  D.  D . F*  R.  S and 
Afironomer  RoyaL 

Read  November  25,  1784. 

THE  reafoning  in  the  third  part  of  my  paper  on  the  Sum- 
mation of  infinite  Series  having  been  mifunderftood,  I 
have  thought  it  proper  to  offer  to  the  Royal  Society  the  follow- 
ing explanation.  When  I propofed,  for  example,  to  fum  the 
feries  f - \ + | ~ &c.  fine  finCy  I wanted  to  find  fome  quantity 
which,  by  its  expanfion,  would  produce  that  feries,  and  that 
quantity  I called  its  fum  ; not  {as  I conceived  muff  have  been 
evident  to  every  one)  in  the  common  acceptation  of  that  word, 
that  the  more  terms  we  take,  the  more  nearly  we  fhould 
approach  to  that  quantity,  and  at  laft  arrive  nearer  to  it  than 
by  any  affignable  difference,  for  there  manifeftly  can  be  no  fuch 
quantity ; but  as  being  a quantity  from  which  the  feries  muff: 
have  been  deduced  by  expanfion,  which  quantity  I found  to  be 
— ! 4-  H.  L.  2.  If  therefore  in  the  folution  of  any  problem, 
the  conclufion,  whofe  value  I want,  is  exprefled  by  the  above 
-feries,  and  which  arofe  from  the  neceflity  of  expanding  fome 
.quantity  in  the  preceding  part  of  the  operation,  furely  no  one 
can  deny  but  that  I may  fubffitute  for  it  - \ +H.  L.  2.  For 
whatever  Quantity  it  was,  which  by  its  expanfion  produced  at 
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fird  a feries,  the  fame  reduction  which,  from  that  feries,  pro- 
duced the  feries  muft  alfo  have  produced 

- | + H.  L.  2.  from  the  quantity  which  was  expanded.  This 
value  of  the  feries  I obtained  in  the  following  manner.  I fup- 
pofed  the  feries  § * * + f - &c.  to  be  divided  into  two  parts $ 
the  fird  part  to  contain  all  the  terms  till  we  come  to  thofe 
where  the  numerators  and  denominators  become  both  infinitely 
great,  in  which  cafe  every  term  afterwards  may  be  fuppofed  to 
be  equal  to  unity  : the  fecond  part,  therefore,  would  neceflarily 
be  (fuppofing  the  fird  part  to  terminate  at  an  even  number  of 
■ terms)  1 - 1 4- 1 - 1 -{-See.  fine  fine.  The  fird  part,  by  collect- 
ing: two  terms  into  one*  becomes  ~ — - — - — - &.c* 

which  feries,  as  it  is  continued  till  the  terms  become  infinitely 
fmall,  is  equal  to  - 1 + H.  L.  2.  The  fecond  part  1 *-  1 + 1 — 
&c.has  not*  taken  abdraCtedlyofits  origin,  any  determinate  value 
(as  will  be  afterwards  obferved),  but  confidered  as  part  of  the  ori- 
ginal feries  it  has,  for  that  feries  mud  have  been  deduced  from  the 

expanfion  of  the  binomial  1 -f  x\  \ Or  y-b-s  and  hence,  when 

#=  i,  i - 1 + 1 -&c.  can  in  this  cafe  have  come  only  from 

which,  therefore,  mud  be  fubdituted  for  it ; confe- 

1 + 1 

quently  the  two  parts  together  give  — § 4-  H.  L.  2* 

Having  thus  explained  the  nature  of  the  feries  which  I pro- 
pofed  to  dim,  and  the  principle  upon  which  the  correction 
depends,  I mud  bvg  leave  to  acknowledge  my  obligations  to 
my  very  worthy  and  ingenious  friend  George  At  wood,  Efq. 
F.R.S.  who  fird  obferved  that  the  feries  r — 1 + 1 — 1 + &c.  has 
iio  determinate  value  in  the  abdraCt,  as  it  may  be  produced  by 

— ■ - — d — — — whatever  be  the  number  of  units  in  the  denomi- 

I + 1 + 1 + &c. 
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nator*;  and  it  may  alfo  be  added,  that  the  fame  feries.  arifes 

from  i i ^4 , provided  the  number  of  units  be  greater  in 
the  denominator  than  in  the  numerator.  The  ccrreCt ion  will 
therefore  be  different  in  different  circumftances,  and  will  depend 
on  the  nature  of  the  quantity  which  was  at  firft  expanded.  In 
fhe  third  part  of  my  paper,  I applied  the  correction  to  thofe  cafes 
where  the  original  feries  arofe  from  the  expan  lion  of  a binomial, 
where  the  correction  is  in  general  as  I there  gave  it ; but  as  I 
did  not  apply  my  method  to  any  other  feries,  I confefs  that  it 

did  not  appear  to  me,  that  the  correction  would  then  be  dif- 

* 

ferent,  which  it  neceflariry  would  had  I extended  my  reafon- 
ing  to  other  cafes.  I fhall  therefore  add  one  example  to  fhew 
the  method  of  correction  in  other  inftances,  where  the  value, 
of  the  correction  will  be  found  to  be  different,  according  as  we 
begin  to  colleCt  at  the  firft  or  fecond  term.  Let  the  feries  be 
4 — jl  -|-  .1.  — f + 1 — &c.  fine  fine , which  came  originally  from. 

- 1 -2 ; now  if  we  begin  to  colleCt  at  the  firft  terra,  the  feries 

becomes  — — H — — + & c.  and  for  the  fame  reafon  as  before,  the 
1.2  4.5 

correction,  to  be  added,  is,  4;;  but  — — + -1-  + &c.  = 4 of  a 

1 • 2 4*5 

o n 

circular  arc  (A)  of  30°  to  the  radius — hence  the  fum  re- 

quired  = * A + 4.  If  we  begin  to  colleCt  at  the  fecond  term  the 

feries  becomes  2-  — — 2 8cc.;  and  the  correction  to  be 

2 4 5*7 

fubtracted  is  4 j for  the  fecond.  part  of  the  original  feries.  is  now 
i — 1 4-  1 — 1 -j-  1 — &c.  which  was  produced  by  ~~~ ; but 

* X have  been  fince  informed  by  Mr.  Wales,  F.R.  S.  that  a. pupil  of  his,  Mr. 
jokd,  made  the  fame  obfervation. 

J. 
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&c.  ==  i + ♦.  A ; therefore  the  fum  required 


q q,  q A as  before.  In  the  fame  manner  we  may  apply  the  cor- 
rection in  all  other  cafes.  Although,  therefore,  the  feries 
J _ j q.  I _ I q.  &c.  or  - i + i - i + i - &c.  have  no  determi- 
nate value  in  the  abftract,  yet  the  given  feries  will  fix  its  value 
by  pointing  out  the  quantity  from  which  the  feries  muft  have 
been  originally  produced. 
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V.  Defer ipiwn  qj  a Plant  yielding  A fa  foetida.  In  a Letter 
from  John  Hope,  M.  D.  F.  R.  S.  to  Sir  Jofeph  Banks, 
Bart . P.  j R.  S, 


Read  December  9 , 1784. 

TO  SIR  JOSEPH  BANKS,  BART.P.R.S. 
s I R3  Edinburgh,  Auguft  18,  1784. 

I BEG  you  will  do  me  the  honour  of  prefenting  theinclofed 
account  of  the  Afa  foetida,  and  the  botanical  defeription  of 

the  plant,  with  the  drawings,  to  the  Royal  Society. 

\ « 

I have  the  honour  of  being,  with  much  refped  andefteem,  & c*. 

JOHN  HOP  E. 


A S A F OE  TIDA, 

Flanta  nmbellifera,  tripedalis,  ereda,  ramofa,  glaucar 
fiore  luteo.  , 

Radix  perennis. 

Folia  radicalia  fex,  procumbentia,  trilobo-ovata,  multoties 
pinnatim  diviia ; foliolis  inciiis,  fubacutis,  fub- 
decurrentibus  ; petiolo  communi  fuperne  piano,  linea 
devata  longitudinal-iter  per  medium  decurrente. 

2 Cauh's 


Dr.  Hope’s  Defcription , &e. 

Catilis  bipeclalis,  eredtus,  teretiufculus,  annuus,  leviter  {hia- 
tus, glaber,  nudus  praeter  unam  circa  medium  fo- 
liorum  imperfedtorum  conjugationem  ; petiolo  mem- 
branaceo,  concavo. 

Rami  niidi,  patuli ; quorum  tres  inferi,  alterni,  feflinentuo* 
finguli  folii  imperfedli  petiolo  membranaceo  con- 
cavo. 

Quatuor  intermedii  verticillati  funt.  Supremi  ex  apice 
cauiis  odto,  quorum  interni  eredli. 

Omnes  hi  rami  fummitate  fu  {linen  t umbellam  com- 
pofitam  feffilem  terminalem,  et  praeterea  3 — 6 ramulos 
externe  poiitos,  umbellas  compohtas  ferentes. 

Hoc  modo,  rami  inferiores  fuftinent  5,  raro  6 ramulos ; 
intermedii  3 vel  4;  fuperiores  1 et  2. 

Cal,  Utnbella  univerfalis  radiis  20  — 30  conllat. 

—partialis  flofculis  fubfeffilibus  10 — 20. 

Umbella  compojita  feffilis  convexo-plana. 

•  pedunculata  haemifpherica, 

Involucrum  univerfale  nullum. 

•  — partiale  nullum. 

Periantbium  proprium  vix  notabile. 

Cor.  univerfalis  uniformis. 

Flofculi  umbellae  feffilis  fertiles. 

i pedunculatae  plerumque  abortiunt. 

propria  petalis  quinque  aequalibus,  plan  is,  ovatis  : primo 
patulis,  dein  reflexis,  apice  afcendente. 

St  am.  Filamenta  5,  fubulata,  corolla  longiora,  incurvata.  Ano- 
ther a fub  rotundas. 

Pist.  Germen  turbinatum,  inferum. 

Sty  It  duo,  reflexi. 

Stigmata  apice  incranata* 

Per. 


8'  Dr\  Hope’s  Defcnpihn  of  a 

Pee,  nullum  : fruchis  oblongus,  plano-compreiTus.  utrinque  3 
lineis  elevatis  notatus  eft. 

Sem,  duo,  oblonga,  magna,  utrinque  plana,  3 lineis  elevatis 
notata.  • 

Planta  odorem  alliaceum  diffundit.  Folia,  rami,  pedun- 
culi,  radix,  truncus,  fedti  fuccum  fundunt  ladeum, 
fapore  et  odore  Ala:  foetida. 

~ ’ O'  “ ' v 

THOUGH  Afa  foetida  has  been  ufed  in  medicine  for  many 
ages,  having  been  introduced  by  the  Arabian  phylicians  near  a 
thoufand  years  ago  3 yet  there  was  no  fatisfacftory  account  of 
the  plant  which  yielded  it,  till  Kjempfer  publifhed  his  Amoeni- 
tates  Exotica  about  feventy  years  ago. 

Kjempfer,  towards  the  end  of  the  laft  century,  travelled 
over  a great  part  of  Afia,  and  was  in  Perlia,  and  upon  the  fpot 
where  the  Afa  foetida  is  collected.  He  gives  a full  account  of 
the  manner  of  collecting  it.  He  defcribes  the  plant ; and  alfo 
gives  a figure  of  it,  differing  in  many  refpeCts  from  thofe  which 
I now  prefent  to  the  Society 

Six  years  ago,  1 received  from  Dr. Guthrie,  of  St.  Peterfburg, 
F.  R.  S.  two  roots  of  the  Afa  foetida,  with  the  following  card 
from  Dr.  Pallas,  addrefled  to  Dr.  Guthrie  : 

46  Dr.  Pallas’s  compliments  to  Dr.  Guthrie  ; he  fends 
“ him  two  roots  of  the  Ferula  Afa  foetida,  a plant  which  he 

* Probably  Kjempfer. 5s  Afa  foeyida  Plant  is  a different  fpecies  from  that 
defcribed  by  Dr.  Hope  in  this  paper.  K/empfer  was  himfelf  upon  the  mountains 
where  the  drug  is  collefted,  and  his  fidelity  in  defcribing,  as  well  as  delineating,  has 
not  hitherto  been  impeached.  Sanguis  Draconis,  and  fome  other  gums,  are 
indifferently  the  produce  of  various  fpecies  of  plants ; and  why  may  not  Afa 
foetida  be  limiUrly  circumitanced  ? Jog.  Banks. 
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Plant  yielding  A fa  fcetida.  gg 

**  thinks  never  was  cultivated  in  any  European  garden,  and 
which  nobody  has  been  fo  fortunate  as  to  raife  from  feed  but 
“ himfelf,  though  the  feeds  fent  t q the  Academy  from  the 
mountains  of  Chilian  in  Perfia  had  been  diflributed  among 
“ feveral  curious  perfons.’* 

Both  thefe  roots  were  planted  m the  open  ground,  in  the 
Botanic  Garden  at  Edinburgh ; one  died  ; the  other  after  home 
time  did  well,  and  laft  fummer  flowered  and  produced  feed.  I 
had  an  accurate  drawing  of  the  plant  made  by  Mr.  Fife,  which 
I now  have  the  pleafure  of  laying  before  the  Society.  It  ex- 
preffes  very  well  the  general  habit  of  the  plant,  which  was  of 
a pale  lea-green  colour,  and  grew  to  the  height  of  three: 
feet.  The  hem  is  deciduous,  but  the  root  is  perennial. 
Every  part  of  the  plant,  when  wounded,  poured  out  a rich 
milky  juice,  refembling  in  fmell  and  tafte  Afa  foetida ; and  at 
times  a fmell  refembling  garlick,  fuch  as  a faint  impregnation- 
pf  Afa  foetida  yields,  was  perceivable  at  the  diftance  of  feveral 
feet. 

In  Perfia,  at  the  proper  feafon,  the  root  is  cut  over  once  and 
again  ; from  the  incifions  there  flows  a thick  juice  like  cream, 
which,  thickened,  is  the  Afa  foetida. 

I have  only  further  to  obferve,  that  as  the  plant  grows  lit* 
the  open  air,  without  prote£lion,  and  even  in  an  unfavourable 
feafon  produced  a good  deal  of  feed,  and  as  the  juice  feems  to 
be  of  the  fame  nature  with  the  officinal  Afa  fcetida,  there  is 
fome  reafon  to  hope,  that  it  may  become  an  article  of  cultiVu^ 
tion  in  this  country  of  no  inconfiderable  importance. 

Edinburgh,  Jan.  1783. 
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VI*  Catalogue  of  Double  Stars, 

By  William  Herfchel,  Efq.  F.  R . & 


Read  December  p,  1784* 


INTRODUCTORY  REMARKS, 

HE  great  ufe  of  Double  Stars  having  been  already  pointed- 


out  in  a former  paper,  on  the  Parallax  of  the  Fixed  Stars, 
and  in  a latter  one,  on  the  Motion  of  the  Solar  Syftem,  I have 
now  drawn  up  a fecond  collection  of  434  more,  which  I have 
found  out  fince  the  firft  was  delivered* 

The  happy  opportunity  of  giving  all  my  time  to  the  purfuit 
of  aftronomy,  which  it  has  pleafed  the  Royal  Patron  of  this 
Society  to  furnifh  me  with,  has  put  it  in  my  power  to  make 
the  prefent  collection  much  more  perfect  than  the  former; 
almoft  every  double  ftar  in  it  having  the  diftance  and  poftion 
of  its  two  ftars  meafured  by  proper  micrometers ; and  the 
obfervations  have  been  much  oftener  repeated. 

The  method  of  claffing  them  is  in  every  refpeCt  the  fame  as 
that  which  has  been  ufed  in  the  fir  ft  collection  5 for  which  rea- 
fon  I refer  to  the  introductory  remarks  that  have  been  given 
with  that  collection  * for  an  explanation  of  feveral  particulars 
neceffary  to  be  previoufly  known.  The  numbers  of  the  ftars 
are  here  alio  continued,  fo  that  the  firft  clafs  ending  there  at 
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24  begins  here  at  25,  and  the  fame  is  done  with  the  other 
clafles. 

Mold  of  the  double  dars  in  my  firft'  collection  are  among  the 
number  of  thofe  dars  which  have  their  places  determined  in 
Mr.  Flamsteed’s  extenlive  catalogue  ; but  of  this  colleftioif 
many  are  not  contained  in  that  author’s  work,  I have  therefore 
adopted  a method  of  pointing  them  out,  which  it  will  be  proper 
to  defcribe. 

The  finder  of  my  reflector  is  limited,  by  aproper  diaphragm, 
to  a natural  field  of  two  degrees  of  a great  circle  in  diameter. 
The  interleCHon  of  the  crofs  wires,  in  the  center  of  it,  points 
out  one  degree ; and  by  the  eye  this  degree,  or  the  didance 
from  the  center  to  the  circumference,  may  be  divided  into 
I,  f,  4,  and  f.  Thus  we  are  furnifhed  with  a meafure  which, 
though  coarfe,  is  however  fufficiently  accurate  for  the  purpofe 
here  intended ; and  which,  if  more  than  two  degrees  arc 
wanted,  may  be  repeated  at  pleafure. 

In  fuch  meafures  as  thefe  I have  given  the  didance  of  a dou- 
ble dar,  whole  place  I wanted  to  point  out,  from  the  neared: 
dar  in  Flamsteed’s  Catalogue.  And  fince,  belides  the 
diftance,  it  is  alfo  required  to  have  its  pofition  with  regard  to 
the  dar thus  referred  to,  I have  ufed  the  neighbouring  liars  for 
the  purpofe  of  pointing  it  out. 

The  ufefulnefs  of  this  method  is  fo  extenfive,  that  I lhall  be 
a little  more  particular  in  defpribing  its  application.  When  a 
dar  is  thus  pointed  out,  as  for  in  dance  the  32b  in  the-  drib  clafs, 
where  it  is  faid,  6t  About  £ degree  f.  preceding  the  44th  Lyncis, 
ts  in  a line  parallel  to  0 Urfas  majoris  and  the  39th  Lyncis we 
are  to  apply  one  eye  to  the  finder,  and  placing  the  44th  Lyncis 
into  the  center  of  the  field,  we  are  to  look  at  $ Urfae  majoris' 
and  the  39th  Lyncis  in  the  heavens  with  the  other  eye  by  the 
Vol.  LXXV.  G fide 
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Tide  of  the  finder.  The  naked  eye  then  will  immediately  dire <51 
ns,  by  means  of  the  two  liars  juft  mentioned,  towards  the 
place  where,  in  the  finder,  the  armed  eye  will  perceive  the 
double  ftar  in  queftion  about  f degree  from  the  44th  Lyncis.  I 
need  hardly  obferve,  that  we  muft  recoiled!  the  inverfion  of  tire 
finder,  as  thofie  who  are  in  the  habit  of  ufing  telefcopes  with 
high  powers,.  always  furnilhed  with  inverting  finders,  will  of 
courfe  look  for  the  fmall  ftar  in  the  upper  part  of  the  field,  as 
in  fig.  1. 

At  the  45th  ftar,  in  the  firft  clafs,  the  defcription  fays, 
44  About  1 1 degree  ft  preceding  towards  1 Aurigae/’  This 
double  ftar  will  accordingly  be  found  by  placing  y Auriga?  firft 
into  the  center  of  the  finder;  then,  drawing  the  telefcope 
towards  /,  which  the  naked  eye  points  out,  the  ftar  we  look  for 
^vill  begin  to  appear  in  the  circumference  as  foon  as  y,  is  about 
I- degree  removed  from  the  center,  as  in  fig.  2. 

It  will  fometimes  happen,  that  other  ftars  are  very  near 
thole  which  are  thus  pointed  out,  that  might  be  miftaken  for 
them.  In  fuch  cafes  an  additional  precaution  has  been  ufed  by 
mentioning  fome  eircumftance  either -of  magnitude  orfituation, 
to  diftinguifti  the  intended  ftar  from  the  reft.  After  all,  if  any 
ohferver  (hould  be  ftill  at  a lofs  to  find  thefe  ftars  without  having 
their  right  afcenfion  and  declination,  he  may  furnifti  himfelf 
with  them  by  means  of  Flamsteed’s  Atlas  Coeleftis ; for  my 
defcription  will  be  fufficiently  exa for  him  to  make  a point  in 
the  maps  to  denote  the  ftar’s  place;  then,  by  means  of  the  gra- 
duated margin,  he  will  have  its  JR  and  declination  to  the  time 
of  the  Atlas,  which  he  may  reduce  to  any  other  period  by  the 
lifual  computations. 

Before  I quit  this  fubjebl  I muft  remark,  that  it  will  be  found 
on  trial,  that  this  method  of  pointing  out  a double  ftar  is  not 

only 
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6iily  equal,  but  indeed  fuperior,  to  having  its  right  afcenfion 
■and  declination  given  : for,  fince  it  is  to  be  viewed  with  very 
high  powers,  not  fuch  as  fixed  inftruments  are  generally  fur-* 
ioifhed  with,  the  given  right  afcenfion  and  declination  would  be 
of  no  fervice.  We  might,  indeed,  find  the  fhar  by  a fixed  or 
equatorial  inftrumenf ; and,  taking  notice  of  its  Situation  with 
regard  to  other  neighbouring  ftars,  find,  and  view  it  after- 
wards, by  a more  powerful  telefcope ; but  this  will  nearly 
amount  to  the  very  fame  way  which  here  is  purfued,  with,  more 
deliberate  accuracy  than  we  are  apt  to  ufe,  while  we  are  em- 
ployed in  feeking  out  an  object  to  look  at. 

It  will  be  required,  that  the  obferver  fhould  be  furnifhed 
with  Flamsteed’s  Atlas  Coeleffis,  which  muff  have  the  ftars 
marked  from  the  author’s  catalogue,  byha  number  eafily  added 
to  every  ftar  with  pen  and  ink,  as  I have  done  to  mine.  The 
catalogue  fhould  alfo  be  numbered  by  an  additional  column, 
after  that  which  contains  the  magnitudes.  I hope  in  fome 
future  editions  of  the  Atlas  to  fee  this  method  adopted  in  print, 
as  the  advantage  of  It  is  very  confiderable,  both  in  referring  to 
the  catalogue  for  the  place  of  a ftar  laid  down  ill  the  Atlas,  and 
in  finding  a {far  111  the  latter  whole  place  is  given  in  the 
former. 

I would  recommend  a precaution  to  thofe  who  wifh.  to  exa- 
mine the  clofeft  of  my  double  ftars.  It. relates  to  the  adjuft 
me nt  of  the  focus.  Suppofing  the  telefcope  and  the  obferver 
long  enough  out  in  the  open  air  to  have  acquired  a fettled  tem- 
perature, and  the  night  fufficiently  clear  for  the  purpofe ; let 
the  focus  of  the  inftrument  be  re-adjufted  with  the  utmoft 
delicacy  upon  a ftar  known  to  be  fingle,  of  nearly  the 
fame  altitude,  magnitude,  and  colour,  as  the  ftar  which  is  to 
be  examined,  or  upon  one  ftar  above  and  another  below  the 

G 2 


fame. 


4 4 iVf>.  Her scHEfc’s  Catalogue 

fame.  Let  the  phenomena  of  the  adjuding  dar  be  well 
attended  to ; as,  whether  it  be  perfedly  round  and  well  de- 
fined, or  affeded  with  little  appendages  that  frequently  keep 
playing  about  the  image  of  the  {far,  undergoing  fmall  altera- 
tions while  it  pades  through  the  field,  at  other  times  remain- 
ing fixed  to  it  during  the  whole  padage.  Such  deceptions  may 
be  deteded  by  turning  or  unfcrewing  the  objed-glafs  or  fpecu- 
lum  a little  in  its  cell,  when  thole  appendages-  will  be  obferved! 
to  revolve  the  fame  way.  Being  thus  acquainted  with  the 
imperfedions  as  well  as  perfedions  of  the  indrument,  andi 
going  immediately  from  the  adjuding  dar,  which  for  that 
feafon  alfo  fhould  be  as  near  as  may  be,  to  the  double  dar  which 
is  to  be  examined,  we  may  hope  to  be  fuccefsful.  The  afire- 
nomical  Mr.  Aubert,  who  did  me  the  honour  to  follow  this 
method  with  y Leonis,  which  he  did  not  find  to  be  double 
when  the  telefcope  was  adjuded  by  y itfelf,  foon  perceived  the 
fmall  dar  after  he  had  adjuded  it  upon.  Regulus.  The  indru- 
ment, being  one  of  Mr.  Dollond's  bed  feet  achroma- 
tics,  fhewed  Mr..  Aubert  the  two  dars  of  y Leonis  in  very 
clofe  conjundion,  or  rather  one  partly  hid  behind  the  other. 
On  comparing  thefe  appearances  with  my  obfervations  of  that 
double  dar,  we  mud  not  be  furprlfed  to  find  that  I place  therm 
at  a vifible  didance  from  each  other  : for  the  Newtonian  re- 
fiedors,  on  the  plan  of  my  7 -feet  one,  as  I have  found,  will 
give  a much  fmaller  image  of  the  dars  than  the  3I  feet  achro- 
matic refradors  wherefore  the  two  dars,  which  in  refradors 
as  it  were  run  into  each  other,  will  in  the  refledor  remain 
feparate.  For  this  reafon  alfo,  thofe  who  only  ufe  fuch  re- 
fradors mud  not  be  difappointed  if  they  cannot  perceive  the 
26th,  30,  31^  36,  41,  44?  46?  47?  60,  75,  82,  86,  and  87th, 
dars  of  my  fird  clafs  to  be  double. 
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All  the  obfervations  in  the  following  catalogue  on  the  rela- 
tive magnitude,  colour,  and  politico  of  the  ftars,  are  to  be 
imderftood  as  having  been  made  w ith  a power  of  460,  unlefs 
they  are  marked  other  wife.  This  will  account  for  the  dif- 
ference which  obfervers  may  find  in  the  relative  magnitude  ; for1 
fhould  they  ufe  only  a power  of  about  200,  many  of  the 
fmali  ftars  that  are  fa  id  to  be  very  unequal  and  extremely  une- 
qual, mu  ft  appear  to  them  perhaps  a degree  lower  in  the  fcale, 
and  become  extremely  and  exceffively  unequal ; and  this  will 
happen,  though  the  quantity  of  light  fhould  be  the  very  fame 
which  the  refle&or  has  that  ferved  me  to  fettle  thefe  particulars* 
I need  not  fay,  that  on  other  accounts,  fuch  as  a real  difference, 
in  the  light  of  the  telefcope,  the  prefence  of  the  moon,  twi- 
lights, aurorae  boreales,  or  other  caufes,  many  of  the  fmali 
ftars  may  be  found  to  be  of  a different  comparative  luftre  from 
what  is  afligned  to  them  in  the  catalogue.  The  fmali  ftar  near 
Rigel,  for  inftance,  appears  of  a beautiful  pale  red  colour,  full, 
round,  and  well  defined,  with  my  20-feet  refledtor  5 the  10-feet 
inftrument  fhews  it  alfo  very  well  in  fine  evenings ; the  --feet 
requires  more  attention,  nor  is  the  fmali  ftar  defined,  but  of  a 
dufky  pale  red  colour.  A good  3!  feet  achromatic,  of  a large 
aperture,  when  Rigel  is  on  the  meridian,  may,  perhaps,  alfo. 
fhew  the  fmali  ftar,  although  1 have  not  been  able  to  fee  it 
with  a very  good  inftrument  of  that  fort,  which  fhews  the 
fmali  ftar  that  accompanies  the  pole-ftar  ; but  the  evening  w^as 
not  very  favourable. 

The  meafures  of  the  diftances  were  all  taken  with  a parallel 
filk- worm’s- thread-  micrometer,  and  a power  of  227  only. 
They  are  not,  as  in  the  former  catalogue,  with  the  diameters 
included,,  but  from  the  center  of  one  ftar  to  the  center  of  the 
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other.  I have  adopted  thefe  meafures  on  finding  that  1 could 
procure  threads  fine  enough  to  fubtend  only  an  angle  of  about 
i"  X3///,  and  that  by  this  means  there  was  no  longer  any 
great  difficulty  of  judging  when  the  ftars  were  centrally  co- 
vered by  the  threads.  However,  I do  net  know  whether  thefe 
meafures,  with  ftars  at  a confiderable  diftance,  may  not  be 
liable  to  an  additional  error  of  perhaps  one  fecond,  owing  to 
the  remaining  uncertainty  in  judging  of  their  exash  central 
politico  while  the  meafure  is  taking. 

The  pofitions  have  all  been  meafured  (unlefs  marked  other- 
wife)  with  a power  of  460,  adapted  to  an  excellent  microme- 
ter, executed  by  MefiT.  Nairne  and  Blunt,  according  to 
the  model  given  in  the  Philofophical  Tranfahions,  vol.  LXXL 
page  500.  fig.  iv.  ; but  with  a great  and  neceffary  improve- 
ment of  making  the  wheel  d d,  of  that  figure  perform  its' 
whole  revolution ; by  which  means  the  two  filk-worms- 
threadsmay  be  adjufted  to  a greater  degree  of  exactnefs ; for  if 
they  are  not  placed  fo  as  perfectly  to  bifeh  the  circle,  the  two 
threads  will  not  coincide  exahly  after  having  performed  one 
femhrevolution,  which  they  muff  be  made  to  do  with  the 
utmoft  rigour.  I found  the  abfolute  neceffity  of  this  precau- 
tion when  I came  critically  to  examine  the  pofitions  of  the 
Georgium  Sidus,  as  they  are  given  in  table  III.  Phil.  Tranf.  vol. 
LXXL  p.  497.  The  meafures  were  affedled  with  a firnall  and 
pretty  regular  error,  which  I was  at  a lofs  to  account  for ; and 
the  diflance  of  this  ftar  being  then  totally  unknown,  1 looked 
for  the  caufie  of  the  deviation  at  firfi:  in  a diurnal  parallax  of 
that  heavenly  body ; but  loon  found  it  owing  to  the  incon- 
venience before-mentioned,  of  not  being  able  experimentally 
to  adjuil  the  moveable  thread  to  that  critical  nicety  which  I 
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have  now  introduced  and  uied  in  ail  the  angles  of  the  folio  .vino- 
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CATALOGUE  OF  DOUBLE  STARS. 

FIRST  CLASS. 

1.  25.  A Orion  is.  Fl.  32.  Sub  humeroin  confequentia. 

Jan.  20.  Double.  Confiderably  unequal.  L.  fine  w. ; S.  w. 

1782.  inclining  to  pale  rofe  colour.  The  diFance  or  black 
divilon  between  the  two  ftars  with  278  is  about  | dia- 
meter of  L. ; with  460,  near  § diameter  of  L.  Poll- 
tion  with  278,  520  10'  f.  preceding. 

26.  o)  Leonis.  Fl.  2.  Anteriorem  pedem  dextrum  praccedens. 

Feb.  8.  A very  minute  double  Far.  Confiderably  unequal. 

3782.  Both  r.  With  227  there  is  not  the  leaF  fufpicion  of 
its  being  double;  with  460  it  appears  oblong,  and, 
when  perfectly  diftinct,  we  fee  f of  the  apparent  dia- 
meter of  a fmall  Far  as  it  were  emerged  from  behind  a 
larger  Far  ; with  932  they  are  more  clear  of  each  other, 
but  not  feparated ; the  focus  of  every  power  adjuFed 
upon  the  3d  and  6th  Leonis.  November  6th,  1782,  I 

* "I  ne  divifions  on  the  moveable  circular  index  (<?)  of  this  micrometer  fhould 
be  read  off  by  means  of  a line  drawn  on  a final!  plate  fattened  to  the  fide  t , and 
projecting  with  a proper  curvature  again  ft  the  plane  of  the  divifions  towards  r,  fo 
as  to  be  nearly  in  contadl  j a coincidence  of  lines  being  by  far  the  beft  method  of 
ascertaining  the  fituation  of  the  index.  A nonius  of  four  fub -divifions  may  alfo 
be  uied,  whereby  the  60  divifions,  already  divided  into  halves  upon  the  index- 
plate,  will  be  had  in  eighths,  each  of  which,  on  the  conftrudlion  of  nsy  prefent 
cue,  will  be  equal  to  three  minutes  of  a degree  of  the  circle, 

7 hrF 
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L firft  liifpe£ted  a reparation  ; and  November  13th,  fairly 
faw  a divifion  between  them.  April  4,  1783,  with  an 
improved  refle&or  of  20  feet  3 inches  focal  length  and 
12  inches  aperture,  Ifaw  them  evidently  divided.  Por- 
tion 20°  54'  f.  following*. 
zy.  Fl.  90  Leonis.  Infra  edu&ionem  caudse. 

Feb.  9.  Treble.  The  two  neareft — very  unequal.  L.  w. ; 
1782.  S.  rw.  With  278,  i£  diameter  of  L ; with  460,  if 
diameter  of  L.  Pofition  with  278,  6 1°  p7  f.  preceding. 
The  two  fartheft — very  unequal.  S.  dufky  r.  Dif- 
tance  from  L.  53"  43//;.  Pofition  350  12'  f,  preceding. 
28. -y  Leonis.  Fl  41.  In  collo  lucida. 

F&b.  11.  A beautiful  double  ftar.  Pretty  unequal.  L.  w. ; 
17S2.  S.  w.  inclining  a little  to  pale  red.  With  227  and  278 
diftindtly  feparated ; with  460,  4-  diameter  of  S. ; with 
625,  | diameter;  with  932,  full  f diameter,  or  when 

* I fufpeft  thefe  ftars  to  recede  from  each  other.  It  is,  however,  very 
pofiible,  that  the  opening  which  I obferved  between  them,  at  the  latter  end 
of  the  year  1782  and  beginning  of  1783,  may  be  owing  to  very  favoura- 
ble weather,  or  to  my  being  better  acquainted  with  the  objeft.  Could  we 
increafe  our  power  and  diftinctnefs  at  pleafure,  we  might  undoubtedly  feparate 
any  two  ftars  that  are  not  abfolutely  in  a direift  line  palling  through  the  eye  of  the 
obferver,  and  the  centers  of  both  the  ftars.  This  will  appear  when  we  confider 
that  perhaps  59  thirds  out  of  one  fecond,  which  the  diameter  of  the  ftar  may 
fubtend,  are  fpurious ; fo  that  a double  ftar  feemingly  in  contact,  or  even  partly 
hiding  each  other  in  appearance,  may  ftill  be  far  enough  afunder  to  admit  of  a fair 
and  conliderable  feparation  by  applying  an  adequate  magnifying  power.  It  would 
have  been  curious,  if  a confiderable  difference  in  the  colours  could  have  led  us  to 
difcover  which  of  the  two  ftars  is  before  the  other ! But  the  far  greateft  part  of 
their  apparent  diameters  being,  as  we  have  obferved,  fpurious,  it  is  probable,  that 
a different  coloured  light  of  two  ftars  would  join  together,  where  the  rays  of  one 
extend  into  thole  of  the  other ; and  fo,  producing  a third  colour  by  the  mixture 
-of  it,  ftill  leave  the  queftion  undecided. 
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L bed  I diameter  of  S. ; with  1504,  jt  diameter,  well- 
defined,  and  the  difference  of  colours  dill  vidble ; with 
2176,  not  quite  a diameter  of  S,  pretty  well  defined, 
bu$  exceedingly  tremulous;  with  2589,  lels  than  1 
diameter;  with  3168,  dill  pretty  dibindt,  and  about 
| diameter  of  S ; with  4294,.  more  than  a diameter  of 
S,  but  attended  with  the  utmod  difficulty  of  managing- 
the  motions  ; with  54S9,  the  interval  dill  fomewhat 
larger,  and  if  the  objedt  could  be  kept  in  the  center  of  the 
field,  the  eye  might  adapt  itfelf  to  the  focus,  and 
get  the  better  of  the  violent  aberration ; but  the  edges 
of  the  glafs.  being  of  a different  focus,  the  eye  is  con* 
dantly  difappointed  in  its  endeavours  to  define  the  ob- 
ject ; with  6652,  I had  but  a bugle  glimpfe  of  the  ftar 
quite  disfigured ; however,  I afcribe  it  chiefly  to  the 
foulnefs  of  the  glafs,  which,  on  account  of  its  fmall- 
nefs,  is  extremely  difficult  to  be  cleaned;  withaio-feet 
refledtor,  9 inches  aperture,  power  62 6,- above  § dia- 
meter of  S.  very  didindt ; with  a 20-feet  reflector, 
power  350,  too  bright  an  objedt  to  be  quite  didindt, 
though  I fee  it  very  well.  Pofition,  50  24'  n.  following. 
A thii'd  dar  preceding.  Did.  pretty  accurate 

for,  fo  great  a didance.  Pofition  3 1 0 o'  n.  preceding.  A 
fourth  ffia.r  preceding  the  third,  and  fomewhat  fmaller. 

29.  Parvula  juxta  Fl.  44arn  Leonis, 

Feb.  17.  Double.  About  4'  following  the  44th  Lepnis,  which 
37B2.  being  double  in  the  finder,  this  is  the  lead  of  the  two. 
Extremely  unequal.  L.  w.  S.  d.  With  227,  1 4 dia- 
meter of  L. ; with  460,  2 diameters  of  L,  Pofition 
26°  .32'.  n.  following. 

Vol.  LXXVh  II  30.  Secunda 
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I.  30.  Secu-nda  ad  * Cancri.  Fl.  57. 

March  Double.  Pretty  unequal.  Both  pr.  With  227, 

1782.  about  l diameter;  with  278,  | diameter;  with  460, 
about  \ diameter  or  lefs.  Pofition  68°  12'  n.  preceding. 
A beautiful  minute  objedh 

31.  Inter  Fl.  4iam  et  39s111  Lyncis, 

March  5.  Double.  Near  i|  degree  n.  preceding  the  41ft  Lyn- 

1^82.  cis ; towards  n Urfae  majoris.  A little  unequal.  Both 
w.  With  460,  | or  at  mod:  4 diameter,  Pofition  51° 
2 1 / f preceding. 

32.  Fl.  44s  Lyncis  auffcralior  et  praecedens. 

April  3.  Double.  About  £ degree  f.  preceding  the  44th  Lyn- 
cis;  in  a line  parallel  to  0 Urfae  majoris  and  the  39th 
Lyncis.  Very  unequal.  L.  r. ; S.  bluifh  r.  With 
227,  1 diameter  of  L.  or  i£  when  bed:;  with  460,  i£ 
diameter,  or  when  bed:,  near  2 diameters  of  L.  The 
diameters  are  fo  fmall  that  the  length  of  the  time,  and 
attention  of  looking,  makes  a confiderable  difference  in 
the  eddmation  of  the  diflance.  Pofition  8°  2 7'  f.  pre- 
ceding. 

33.  | Librae.  Fl.  51.  Primam  chelam  Scorpii  attingens. 

May  12.  Treble.  Without  great  attention,  and  a confiderable 

1782.  power,  it  may  be  miftaken  fora  double  d:ar ; but  the 
largeft  of  them  confifls  of  two.  Very  little  unequal. 
Both  w.  With  460,  | or  at  mod:  4 diameter  afunder  ; 
with  932,  full  j diameter  of  L.  or  Hear  f diameter  of 
S.  Pofition,  with  278,  82°  2'  n.  following.  For 
meafures  of  the  third  d:ar  fee  the  20th  of  the  fecond 
clafs. 

34.  Fl.  55.  Cafliopeiae.  / Ptolemasi,  In  pedis  extremitate. 

Treble 
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I,  Treble.  The  two  neareft  very  unequal.  L.  w. ; S. 

June  ir,  colour  of  pale  red  blotting  paper.  With  278,  \ diame- 
l7g2>  ter  of  S.  Pofition  with  227,  2©0  30'  11.  preceding.  For 
meafures  of  the  third  ftar  fee  the  fourth  in.  the  third 

clafs. 

35.  Fl.  38.  Serpentarii.  Dextrum  infra  pedem. 

June  1 1,  Double.  Very  unequal.  L.  w. ; S.  d.  With  460, 

1782.  1 i diameter  of  L.  As  the  fituation  is  too  low  for  460, 

I tried  227,  but  it  only  (hewed  the  (far  wedge- formed. 
Pofition  6o°  48'  n.  preceding. 

36.  £ Herculis.  Fl.  40.  In  dextro  latere. 

July  18,  A fine  double  (bar.  Very  unequal.  L.  w. ; S.  afh- 
1782.  colour.  With  460,  lefs  than  f diameter  of  S.  ; with 
P32,  1 full  diameter  of  S.  Pofition  with  81 1, 
200  42'  n.  following. 

37.  cp  (Fl.  i Is.)  Herculis  borealior  et  fequens. 

July 22?  Double.  About  f degree  n.  followings;  in  a line 

1782.  parallel  to  the  35th  and  42d  Herculis;  the  moft  fouth 

of  two  very  fmall  telefcopic  liars.  Confiderably  une- 
qual. Both  feddifli.  With  227,  they  can  but  juft  be 
feen  as  two  ftars ; with  460,  near  1 diameter ; with 
932,  not  lefs  than  if  diameter  of  L.  Pofition  59°4^ 
f.  following. 

* The  interval  between  very  unequal  ftars,  eftimated  in  diameters,  generally 
..gains  more  by  an  increafe  of  magnifying  power  than  the  apparent  diftance  of  thofc 
which  are  nearer  of  a fuse.  Inftances  of  the  former  may  be  found  in  the  fir  ft 
clafs,  the  ift,  7,  29,  35,  37,  39,  53,  59,  63,  64,  72d  ftars;  of  the  latter,  the 
16th,  28}  33,  45,  46,  73,  8 ift  ftars.  However,  this  only  feems  to  take  place 
when  there  is  a difficulty  of  feeing  the  objeft  well  with  a low  power,  which  being 
removed  by  magnifying  more,  the  diftance  is,  as  it  were,  laid  open  to  the  view. 

H * 38*  Fl- 
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I.  38,  Fl.  i8atn  Perfei  praecedens  ad  boream.  In  capite. 

Aug.  20,  Double.  About  f degree  n.  preceding  the  1 8th;  in 

5782.  a line  parallel  to  <r  and  r Perfei;  of  two  ftars  that 
next  to  the  1 8th.  A little  unequal  Both  pr.  With 
278,  a moil  minute  and  beautiful  object;  with  460, 
I diameter  of  either.  Pofition  with  278,  90  42*  n. 
preceding. 

39.  p (Fl.  nara)  Caffiopeiae  praecedens  ad  auftrum. 

Aug.  25,  Double.  About  f degree  f.  preceding  @ ; in  a line 
1782.  parallel  to  v and  » Caffiopeiae  ; the  following  and  larsreft 
of  two  very  confiderable  Bars.  Very  unequal.  L. 
pr. ; S.  r.  With  278,  £ diameter  of  S. ; with  460, 
i,  or  when  heft,  £ diameter  of  S.  Petition  50°  42'  n. 
preceding. 

40.  Fl.  25am  Caffiopeiae  praecedens  ad  boream. 

Aug.  28,  Double.  About  § degree  n.  preceding  the  2^th; 
1782.  towards  oi  Caffiopeiae;  the  hrft  telefcopic  Bar  in  that 
direction.  Very  unequal  Both  r.  With  460,  f dia- 
meter of  S.  ; difficult  to  be  feen.  Pofticn  50°  30'  f. 
following. 

.41.  Fl.  3i£Draconis  borealior. 

Aug.  29,  A very  minute  double  ftar.  About  f degree  n.  of  the 
1782.  31^;  in  a line  parallel  to  y and  4 Draconis;  the  moft: 
fouth  and  preceding  of  two.  Confiderably  unequal. 
Both  pr.  or  r.  With  227,  they  appear  only  as  a 
lengthened  or  diftorted  ftar ; with  460,  £ diameter  of 
S. ; or  in  very  tine  nights  J diameter  of  S. ; with  a 
new  fpeculum  and  500,  near  f diameter  when  beft ; 
with  932,  | diameter.  Pofition  84°  2 1'  n.  preceding. 
Requires  every  favourable  circumftaii.ee  to  be  feen 
double. 

42* 
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I,  42.  $ Serpentis.  Fl.  13.  In  primo  flexu  colli. 

Sept.  3,  A beautiful  double  Bar,  Considerably  unequal.  L« 

1782.  w. ; S.  greyifh.  With  227,  f diameter  of  S. ; with 
278,  not  quite  f diameter  of  S. ; with  460,  near  f 
diameter  of  S. ; with  932,  near  1 diameter  of  S. ; 
with  15043  above  1 diameter  of  S.  Pofition  420  48'  f. 
preceding, 

43.  AdFn.  48*“  Draconis. 

Sept.  3,  A very  minute  double  liar.  The  mofS  north  of 

1782.  three,  forming  an  arch;  or  that  which  is  towards  0 
Draconis.  Considerably  unequal.  Both  pale  pink.  In 
fine  nights,  with  460,  it  has  the  fhape  of  a wedge ; 
with  932,  a fine  black  division  juft  vifible ; in  a very 
clear  dark  night  a division  may  be  keen  with  500,  and 
with  932,  it  will  be  about  4 diameter.  Pofition  with 
500,  88°  24'  n.  preceding. 

44.  Fl.  4.  Aquarii.  Supra  vefiimentum  manus  finifirae. 

Sept.  3,  A minute  double  fiar.  Very  unequal.  Both  pr. 

1782.  With  460,  almofl  in  contact,  or  at  moft . diameter 
of  S.  Pofition  8i°  3c/  n.  preceding.  A third  fiar  of 
the  fixth  clafs  in  view,  11.  preceding. 

45.  p Aurigte  (Fl.  i iam)  praecedens  ad  aufirum. 

Sept.  5,  Double.  About  1 1 degree  f.  preceding  towards 

.1782.  t Aurigre;  a pretty  considerable  Bar  in  a minute  tele- 
fcopic  conftellation.  A little  unequal.  Both  pr.  or  r. 
With  227,  f diameter  of  S. ; with  278,  near  § dia- 
meter of  S. ; with  460,  about  f diameter,  or  near  f 
diameter  of  S.  Pofition  470  33'  f.  preceding, 

46.  v (Fl.  i3am)  Aquarii  fequens  ad  boream. 

Sept.  7.  Treble.  About  i|  degree  n.  following  v,  in  a line 

1782.  parallel  to  /3  and  cc,  Aquarii ; the  middle  of  three  that 
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,1.  are  in  the  fame  diredtion.  The  two  neareft  very  une- 
qual. L.  rw. ; S.  pr,  With  460,  about  r diameter 
of  L.  or  more.  Pofition  62°  27'  n.  preceding.  The  two 
far  the  ft  very  unequal.  S.  pr.  Diftance  with  227* 
i/  22//42///.  Pofition  350  5 1'  n.  following. 

47.  Fl.  29am  Capricorni  praecedens  ad  boream. 

Sept.  27-,  A minute  double  ftar.  About  f degree  n.  preceding 
1782.  'the  29th,  in  a line  parallel  to  y and  cc  Capricorni.  A 
little  unequal.  Appears  diftorted  with  227  and  278  ; 
nor  will  460  fibew  it  feparated ; with  657,  two  ftars 
vifible  ; 932  confirms  it.  Difficult  to  be  feen  diftindtly 
on  account  of  its  low  fituation.  Pofition  '84°  48'  n. 
preceding.  20-feet  refledtor,  200.  Both  w. 

48.  Fl.  6am  Cephei  prtecedens.  In  dextro  brachio. 

Sept.  27,  A very  minute  and  beautiful  double  ftar.  Near  £ de- 
1782.  gree  preceding  the  6th  towards  57  Cephei;  a pretty 
confiderable  telefcopic  ftar.  A little  unequal.  Both  pr. 
Almoft  in  contact  with  460  ; with  625,  better  divided  ; 
with  657  ftill  better.  Pofition  140  9'  f.  preceding. 

49.  x Cephei  (Fl.  22ani)  fequens  ad  boream. 

Sept.  27,  Double.  About  i£  degree  n.  following  X,  in  a linfe 
1782.  from  £ through  X Cephei  continued.  Extremely  une- 
qual. Both  dw.  Cannot  be  feen  with  278,  except 
with  long  attention ; with  460,  ! | diameter  of  L. 
Pofition  85°  48'  n.  following;  perhaps  a little  inac- 
curate. 

40.  X Aquarii  (Fl.  73am)  prsecedens. 

Sept.  30,  Double.  About  24  degrees  preceding,  and  a little 
51782.  Touth  of  X Aquarii;  a confiderable  ftar.  Very  unequal. 
L.  w. ; S.  dw.  With  278,  lefs  than  1 diameter  of 
<L;  with  460,  1 1 ^diameter  of  L,  Pofition  with  227, 
6 4i° 
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I.  4 V 12’  n.  preceding.  The  meafure  inaccurate  on 

account  of  the  low  power,  and  probably  30  or  40  too 
final!. 

51.  Quae  fequitur  1 (Fl.  32arn)  Gephei. 

Sept.  30,  Double.  About  2 1 degrees  n.  following  towards 

1732.  y Cephei ; a confiderable  Bar.  A little  unequal.  Both 
pr.  A pretty  objedl  with  227  ; with  460,  if  diameter 
nearly.  Pofition  30  36'  f.  preceding, 

52.  Parvula  Fl.  25131  Orionis  adjedla. 

oa.  2,  Double.  A few  minutes  n.  following  the  25th ; 

178a.  Orionis,  in  a line  parallel  to  h Eridani  and  £ Orionis* 
Very  unequal.  L.  alh  w. ; S.  dw.  With  4.60,  1 dia- 
meter, of  L.  Pofition  520  48'  n,  preceding* .. 

53.  Parvula  Fl.  30mx  Orionis  adjedla. 

oa.  2,.  Double.  About  io'  preceding  the  30th,  in  a line 
parallel  to  X and  y Orionis,  Very  unequal,  L.  w. ; 
S.  d. ; with  460,  1 diameter  of  L.  Pofition  430  24'  n. 
following., 

54.  7 (Fl.  2oam)  Orionis  praecedens.  In  malleolo  finiflri  cruris. 

oa.  4,  Double.  Near  f degree  preceding  r,  in  a line  from 

1782.  A through  r Orionis  continued.  Very  unequal.  L.  r. ; 

S.  dr.  With  227,  about  1 diameter  of  L. ; with  460, 
about  2 diameters  of  L.  Pofition  350  42'  n.  preceding  ; 
a little  inaccurate.,. 

55.  Fl.  8?m  Tauri  praecedens  ad  boream. 

oa.  g.  Double.  About  i.{-  degree  n.  preceding  the  8th 

3782.  Tauri,  or  near  2 degrees  f.  following  the  65th  Arietis, 
in  a,  line  parallel:  to  the  Pleiades  and  £ Tauri ; a fmall, 
telefcopic  flar  not  eafily  found.  A little  unequal* 
L,  r. ; S.  d.  With  22.7,  lefs  than  1 diameter  of  S. ; 

with. 
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I.  with  460,  near  two  diameters.  Pofition  8 z° 
following. 

56.  Fl.  54amCeti  fequens  ad  an  drum. 

oa.  i2,  Double.  About  f degree  f.  following  the  54th, 
1782.  towards  0 Ceti.  Nearly  equal.  Both  r.  With  227* 
about  1 diameter;  with  460,  about  if  diameter.  Po- 
fition 87°  39'  n.  following. 

57.  Fl.  7 oatn  et  67*®  Orionis  prasiens. 

oa,  12,  Multiple.  In  a fpot  which  appears  nebulous  in  the 
I?82.  finder,  and  is  about  50'  from  the  67th,  and  45'  from 
the  70th  Orionis.  More  than  12  ftars  in  view  with 
460  ; among  them  is:  a double  Far.  Thelargeft  of  the 
bafe  of  all  ifofceles  triangle,  n.  preceded  by  four  ftars  in' 
a line.  Confiderably  unequal.  With  460,  1 full  dia- 
meter of  L.  Pofition  1 90  48'  ft  following.. 

58.  o Lyrse  (Fl.  i2am)  fequens.  Inter  edudionem  cornuum. 
oa.  24,  Double.  About  f degree  following  the  1 2th,  in  a 
i782.  line  continued  from  the  11  through  the  1 2th  Lyrap ; 

the  laft  of  a final!  telefcopic  triangle.  Extremely  une- 
qual. L.  r. ; S.  d.  Not  eafily  feen  with  227;  with 
460,  near  2 diameters  of  L.  Pofition  130  o'  n.  pre- 
...00  ceding.  ! : ' 

59.  A-b  1 (Fl.  iff)  Lyras  (3  verfus. 

oa.  24,  Double.  The  moft  fouth  of  two  very  fmall  tele- 
1782.  fcopic  ftars,  which  are  the  fecond  pair  fituated  in. a line 
from  1 towards  (3  Lyras.  A little  unequal.  Both  d. ; 
the  fainted  objed  that  can  be  imagined.  With  460, 
about  1 diameter.  Pofition  750  o'  f.  preceding;  the 
rrieafure  is  liable  to  fome  error  from  the  obfcurity. 

60.  E telefcopicis  y et  \ Lyrsb  auftralioribus  et  fequentibus. 
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G&'.  24,  Double.  About  degree  f.  following  a,  in  a line 

1782.  parallel  to  a and  y Lyras;  a very  fmall  teleTcopic  ftar. 
Extremely  unequal.  Both  dr.  With  227,  1 full  dia- 
meter ot  L ; with  460,  near  2 diameters  of  L.  Poli- 
tico 1 6°  48' 11.  preceding. 

61.  Praeiens  Fl.  iam  Equulei. 

Oct.  26,  A minute  double  liar.  About  | decree  n.  preceding 

• • • OX  o 

1782.  the  III  Equulei,  in  a line  parallel  to  « Equulei  and 
y Aquilae ; a large  Ear.  Very  unequal.  Both  pr. 
Writh  460,  f diameter  of  S.  Petition  180  24'  n.  pre- 
ceding. A pretty  objedt,  but  requires  fine  weather. 

62.  Sequitur  Fl.  23m  Equulei. 

oa,  29,  Double.  About  f degree  f.  following  the  2d  Equulei, 

1782.  in  a line  parallel  to  l Delphini  and  l Equulei.  Confi- 
derably  unequal.  Both  r.  With  460,  1 f or  j f dia- 
meter of  S.  Politico  350  f f.  preceding. 

63.  y Equulei  (Fl.  f)  aufiralior. 

oa.  29,  Double.  Full  f degree  f.  of  y , in  a line  from  the 

1782.  5th  through  the  6th  Equulei  continued.  Equal.  Both 
dr.  With  227,  about  £ diameter  fcarce  vilible  ; with 
460,  about  f diameter.  Polition  f f.  preceding. 

64.  7T  Arietis.  Fl.  42.  Jn  poplite. 

oa,29,  Treble.  Exceffively  unequal.  L.  w ; S.  both  mere 

1782.  points.  With  227,  neither  of  the  fmall  Bars  can  be 
feen,  except  with  confiderable  and  long  continued  atten- 
tion, when  they  alfo  appear ; the  neareft  with  this 
power  is  f or  * diameter  of  L. ; with  460,  i f or  1 % 
diameter  of  L.  The  third  is  about  25"  or  26^  diftant 
from  L,  by  exadl  efhmation.  Polition  of  both,  being 
all  thiee  m a line  1 f if  f.  following;  as  exadt  as  the 
obfeurity  will  permit. 
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I.  65.  la  Nubecula  (3  Sagittal  adjedla  et  fequenti. 

Nov.  4,  Double.  | degree  11.  following  (3  Sagittae,  towards 

I7g2.  29th  Vulpecube  ; the  largeB  and  mod  fouth  of  a duller 
of  fmall  liars  that  appear  cloudy  in  the  finder.  Very 
unequal.  L.  rw. ; S.  pr.  With  227,  full  1 diameter 
of  L.  ; with  460,  about  1 f or  2 diameters  of  L.  Po- 
rtion 1 40  o'  n.  preceding.  A third  liar  in  view,  of  the 
5th  or  6th  clafs. 

66.  (3  (Fl.  23s)  Draconis  auBralior  et  praecedens. 

Nov.  4,  Double.  About  1 \ degree  f.  preceding  (3,  in  a line 

,782.  from  v continued  through  (3  Draconis.  Pretty  une- 
qual. Both  pr.  With  460,  if  or  if  diameter  of  L. 
Pofition  20  24.'  f.  preceding. 

6~.  Nebulam  Aurigae  pedem  dextrum  fequentem,  praecedens. 

Nov.  4,  Double.  About  55'  from  the  37th  Nebula  of  M. 

1782.  Messier  ; the  larged;  and  mod:  preceding  of  two  liars. 
Very  unequal.  Both  pr.  With  460,  near  2 diameters 
of  L.  Pofition  230  57'  n.  following. 

68.  Parvula  Fl.  10*  Orionis  quam  proxime  adjedla. 

Nov.  5,  Double.  The  fmall  Bar  not  many  minutes  from  the 

1782.  1 oth  Orionis.  A little  unequal.  Both  whitilh.  With 

460,  near  1 diameter.  Pofition  84°  54'  f.  following; 
a little  inaccurate  on  account  of  the  difficulty  of  feeing 
the  Bars  well. 

69.  In  Lyncis  pedlore. 

Nov.  I3>  Double.  About  3 degrees  f.  preceding  the  19th 

1782.  Lyncis,  in  a line  drawn  from  the  19th  Lyncis  to  r Au- 
riga ; the  24th  and  1 9th  Lyncis  alfo  point  to  it  nearly  : 
in  a very  clear  evening  it  may  juB  be  feen  with  the 
naked  eye.  A little  unequal.  Both  rw.  With  227? 

I dia- 
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I.  I diameter;  with  460,  1 \ or  near  if  diameter.  Poli- 
tion  770  o'  f.  following. 

70.  £ (Fl.  1235)  Tauri  borealior  et  praecedens.  , 

Nov.  13,  A very  pretty  double  liar.  Near  1 degree  n.  pre- 
17S2.  ceding  f Tauri  towards  Capella  ; the  corner  of  a rhom- 
boid made  up  of  £ this,  and  two  more,  and  oppofite 
to  £1  Confiderably  unequal.  L.  pr. ; S.  a little  deeper 
r.  With  227,  almoft  1 diameter  of  L.  ; with  460, 
1 1 diameter  of  L.  Pofition  36°  .24'  f.  preceding. 

71.  Fl.  44*m  Urfae  majoris  praecedens  ad  auftrum. 

Nov.  19,  Double.  Nearly  in  the  inter fe&ion  of  a line  from 
1782.  /3  Urfe  majoris  to  the  39th  Lyncis,  eroded  by  one  from 
4/  to  u Urfae  majoris ; the  laid:  line  fhould  bend  a little 
towards  ip  Urfae  majoris.  A little  unequal.  Both 
whitilh.  With  460,  near  2 diameters  of  S.  Pofition 
20  6'  n.  following. 

72.  Fl.  65.  Urfae  majoris. 

Nov.  20,  Double.  Exceffively  unequal.  L.  pr. ; S.  a point. 
1782.  Not  vifible  with  227,  nor  hardly  to  be  fufpedted  unlefs 
it  has  been  firft  feen  with  a higher  power ; with  460, 
1 1 diameter  of  L.  or,  when  long  viewed,  full  2 dia- 
meters of  L.  Pofition  530  45'  n.  following.  A third 
liar  in  view.  Equal  to  L.  Colour  rw.  Diftance 
i'o"  f".  Pofition  220  ah  f.  following. 

73.  (2  (Fl.  65)  Arietis  borealior  et  praecedens. 

Nov.  22,  Double.  About  1 1 degree  n.  preceding  (3  Arietis, 
1782.  towards  (2  Andromedae  ; a confiderable  ftar.  Very  une- 
qual. L.  r, ; S',  deeper  r.  With  227,  about  f dia- 
meter of  L. ; with  460,  full  1 1 or  almofl  if  diameter 
of  L.  when  bed.  Pofition  7 70  24'  f.  following. 

I 2 
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I.  74.  Fl.  39s  Arietis  borealior  et  praecedens. 

Dec.  22,  Double.  About  § degree  n.  preceding  39  Arietis,. 

1782.  towards  y Trianguli ; a pretty  large  telefcopic  ftar.  A 
little  unequal.  Both  pr.  With  227,  near  1 diameter 
of  L. ; with  460,  about  if  diameter  of  L.  Pofttion 
200  36'  n.  preceding. 

-r.  Fl.  263m  Orionis  praecedens  ad  auftrum. 

Jan.  9,  Double.  About  \ degree  f.  preceding  the  26th,  in 

jygo,  a line  parallel  to  l and  (3  Orionis ; the  farthest  of  two  ; 
or  | degree  f.  preceding  the  30th  in  the  fame  direction. 
Nearly  equal.  Both  w.  or  rw.  With  460,  perhaps  a 
diameter.  Pofttion  89°  3 A n.  preceding  * but  not  very 
accurate. 

76.  In  pedtore  Lyncis. 

Jan.  23,  Double.  Not  eafy  to  be  found.  A line  from  the  1 9th 

1783.  Lyncis  to  v Gemmorum  eroded  by  one  from .0  Urfte 
majoris  to  g Aurigae,  points  out  a far  but  juft  vifible  in 
a fine  evening ; it  is  perhaps  about  three  degrees  from 
the  19th  Lyncis;  when  that  ftar  is  found,  we  have  the 
double  ftar  about  1 degree  11.  following  the  fame,  in  a 
line  parallel  to  % Geminorum  and  the  19th  Lyncis.. 
Confiderably  unequal.  Both  afh  w.  With  460,  f 
diameter  of  S.  Pofttion  o°  c/  preceding.  A third 
lar^e  ftar  in  view.  Diftauce  1'  1"  46//h  Pofttion 
30  42'  ft  preceding. 

77.  a (Fl.  7®)  Crateris  borealior. 

jan  31,  Double.  Near  af  degrees  north  of  a.  Crateris;  a 

j?83.  fmal  1 telefcopic  ftar,  about  | degree  following  the 
moft  north  of  two  large  ones.  Pretty  unequal.  Both 
whitifh.  With  227,  lels  than  half  diameter  of  S. ; 

with 
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I.  with  460,  near  1 diameter  j with  625,  a little  more 
than  1 diameter.  Pofition  82°  24/  n.  following. 

78.  Fl.  1 i£ Librae  borealior. 

Jan,  31,  Double.  Near  2f  degrees  north  of  the  1 ith  Librae, 

1783.  in  a line  parallel  to  p Virginis  and  the  109th  of  the 
fame  conBellation.  Equal.  Both  inclining  to  r.  With 
460,  full  1 diameter.  Pofition  58°  24'  n.  preceding, 
or  f.  following. 

79.  Fl.  46  Herculis.  In  dextro  latere. 

Feb.  5,  Double.  Extremely  or  almoB  exceflively  unequal. 

1783.  L.  w. ; S.  d.  With  227,  it  is  hardly  vifible ; with 
460,  near  1 diameter  of  L.  Pofition  66°  36''  f.  fol- 

80.  Fl.  81  Virginis. 

Feb.  7,  Double.  Equal.  Both  pr.  With  227,  near  1 dia- 

1783.  meter;  with  460,  f diameter.  Pofition  410  12.'  11.  fol- 
lowing or  f.  preceding. 

81.  7r  Serpentis  (Fl.  44am)  pnecedens  ad  auBrum. 

Mar.  7,  Double.  About  i|  degree  f.  preceding  7 r,  towards 

1783.  k;  the  molt  north  of  two.  A little  unequal.  Both 
r.  With  460,  1 1 diameter  of  L.  Pofition  490  48'  f. 
preceding.  A third  large  Bar  in  view  ; paler  than  the 
other  two.  DiBance  from  the  two  taken  as  one  Bar 
56"  28///.  Pofition,  with  L.  of  the  two,  310  48'  f, 
preceding. 

82.  Fl.  49' Serpentis. 

Mar.  7,  Double.  The  moB  north  and  following  of  two 

1783.  Bars.  A little  unequal.  Both  pr.  With  227,  | or  f 
diameter,  and  a very  minute  and  beautiful  objeft ; 
with  460,  | diameter.  Pofition  210  33'  n.  preceding. 

3 ■ 83. 
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L 83.  x Ophiuchi.  Fl.  10.  In  ancone  finiFri  brachii. 

■Mar.  9,  A very  beautiful  and  clofe  double  Far.  L.  w.  ; S. 

1783.  blue;  both  fine  colours.  Confiderably  or  almoF  very 
unequal.  With  460,  | or  f diameter  of  S.  ; with 
932,  full  f diameter  of  3.  Pofition  140  30'  n.  fol- 
lowing. 

84.  Fl.  503  Auriga?  auFralior. 

Mar.  18,  Double.  Near  1 degree  f.  of  the  50th  Auriga?,  in 

1783.  a line  parallel  to  # and  9.  Very  unequal.  L.  r.  ; 
S.  dr.  With  227,  about  f diameter  of  L. ; with 
460,  almoFj  1 1 diameter  of  L.  Pofition  140  o'  n. 
following. 

85.  Fl.  36am  Lyncis  fequens  ad  auFrum. 

Mar.  24,  Double.  Near  f degree  f.  following  the  36th  Lyn- 

1783.  cis,  in  a line  parallel  to  the  31ft  Lyncis  and  n Urfae 
majoris  ; of  two  the  neareF  to  the  31ft  Lyncis.  Con- 
fiderably unequal.  Both  w>  With  227,  1 diameter  of 
L. ; or  when  long  kept  in  view,  1 \ diameter  of  L. ; 
with  460,  and  after  long  looking,  2 diameters  of  L ; 
otherwife  not  near  fo  much.  Pofition  88°  57'  n.  fol- 
lowing. 

86.  Fl.  105s  Herculis  borealior. 

Mar.  27,  Double.  One  full  degree  n.  of  the  105th  Herculis, 

1783.  in  a line  from  the  72d  Serpentarii  continued  through  the 
105th  Herculis  ; a fmall  telefcopic  Far.  Confiderably 
unequal.  Both  dr.  With  460,  a little  more  than  1 
diameter  of  L.  Pofition  790  24'  n.  preceding. 

$7.  q Ophiuchi.  Fl.  73* 

April  27,  A very  minute  double  Far.  Confiderably  unequal.  L.  r. 

1783.  S.  r.  With  227,  not  to  be  fufpefted  unlefs  known  to 
be  double,  but  may  be  feen  wedge-formed,  and  with 
6 long 
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L long  attention  I have  alfo  perceived  a moft  minute  divi- 
fion  ; with  460,  about  | or}  diameter  of  S.  Pofition 
2°  4s7  f.  preceding. 

83.  r Ophiuchi.  Fl.  69.  In  dextra  manu  fequens. 

April  28,  The  clofeft  of  ail  my  double  ftars  ; can  only  be  fuT 

I783.  pedled  with  460;  but  932  confirms  it  to  be  a double 
{far.  Pretty  unequal.  Both  pr.  or  wr.  It  is  wedge- 
formed  with  460;  with  932,  one-half  of  the  fmall 
ftar,  if  not  three-quarters  feem  to  be  behind  the  large 
ftar.  Pofition  of  the  wedge  6i°  36'  n.  preceding. 
v Ophiuchi,  juft  by,  is  perfectly  free  from  this  wedge- 
formed  appearance. 

89.  lllas  ad  Fl.  56am  Andromeda?  pra?cedens  ad  boream. 

July  28,  Double.  About  f degree  preceding,  and  a little  north 

1783.  of  the  two  ftars  that  are  about  the  place  of  the  56th  An- 
dromeda?, in  a line  towards  a con fiderable  ftar ; and  ©f 
two  in  a line  parallel  to  /3  and  y Trianguli  that  which 
is  neareft  to  the  56th  Andromeda?.  Pretty  unequal. 
L.  drw. ; S.  dpr.  With  227,  near  1 diameter  of  L.  ; 
with  460,  about  i\  diameter  of  L.  Pofition  750  30' 
f.  following. 

90.  (2  Aquarii  (Fl.  22am)  prascedens  ad  auftrum. 

I uly  31,  Double.  About  4 1 degrees  from  /3  towards  p Aquarii. 

1783.  A little  unequal.  Both  dw.  or  pr.  With  460,  r£ 
diameter  or  near  2.  Pofition  770  36'  f.  following. 

91.  y Aquilae  (Fl.  5oam)  praecedens  ad  boream. 

Aug.  7,  Double.  About  f degree  n.  preceding  y , in  a line 

1783.  parallel  to  y and  £ Aquila? ; of  two  that  neareft  to  y0 
Very  unequal.  L.  dpr. ; S.  d.  With  227?  hardly 
vifible,  and  like  a ftar  not  in  focus ; with  460,  appears 

nebulous 
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I.  nebulous  on  one  fide,  but  is  a double  liar;  with  932, 
about  if  diameter  of  L.  petition  8°  i8/  n.  preceding, 

92.  7t  Aquilas.  Fl.  52.  Duarum  in  finiftro  humero  fequens. 

Aug.  27,  A minute  pretty  double  Far.  A little  unequal. 

1783.  Both  pr.  With  460,  § diameter  of  L.  or  near  £ dia- 
meter of  S.  Pofition  340  24'  f.  following. 

93'  Fl.  h2am  Aquilas  prascedens  ad  boream. 

Sept.  12,  A minute  double  Far.  About  £ degree  n.  preceding 

1783.  the  62d,  in  a line  parallel  to  9 and  f Aquike ; a pretty 
contiderable  Far.  Very  unequal.  Both  inclining  to  pr. 
With  278,  almoF  in  con  tad ; with  460,  near  £ dia- 
meter of  S. ; when  in  the  meridian,  and  the  air  fine, 
near  1 diameter  of  L.  Pofition  190  9'  n.  preceding. 

94.  5 Cygni.  Fl.  18.  In  ancone  alae  dextrae. 

Sept.  20,  Double.  Very  unequal.  L.  fine  w.  ; S.  afh  colour 

1783.  inclining  to  r.  With  278,  about  § diameter  of  L. ; 
with  460,  £ diameter  of  L. ; with  932,  full  if  dia- 
meter of  L.  in  hazy  weather,  which  has  taken  off  the 
rays  of  L.  and  and  thereby  increafed  the  interval. 
Pofition  1 8°  2 F n.  following;  perhaps  a little  inac- 
curate. 

95.  Fl.  33»»  Cygni  fequens  ad  auFrum. 

Sept. 22,  Double.  Full  if  degree  f,  following  the  33d, 

1783.  towards  £ Cygni ; a pretty  confiderable  Far.  Very  une- 
qual. L.  w.  ; S.  inclining  to  r.  With  460,  at  fir  ft 
about  f diameter  of  L. ; but,  after  looking  a confidera- 
ble time,  and  in  a fine  air,  near  if  diameter.  Pofition 
7 20  15/  n.  preceding. 

96.  y (Fl.  2 1 am)  Cygni  fequens  ad  auftrum. 

Sept.  23,  Treble.  Full  1 £ degree  n.  following  rn  in  a line 

1783.  parallel  to  /3  and  A Cygni.  The  two  neareft  confiderably 

unequal. 
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I.  unequal.  Both  pr.  With  460,  1 diameter  of  S.  or  £ 
diameter  of  L.  Pofition  89°  18'  f.  following.  The 
two  farther  confiderably  unequal ; the  colour  r.  Did:. 
Pofition  56°  f n.  preceding. 

97.  Fl.  5iam  Cvgni  fequens. 

Sept,  24,  A minute  double  ftar.  About  2f  degrees  following 
1783.  the  51ft,  in  a line  parallel  to  J and  « Cygni ; the  larged: 
and  mod:  fouth  of  an  obtufe-angled  triangle ; a very 
considerable  Bar.  Pretty  unequal.  Both  rw. ; but  S. 
a little  darker  r.  With  278,  f diameter  of  S.  and 
beautiful ; with  460,  £ diameter  of  S.  Pofition  46° 
24'  n.  following. 


SECOND  CLASS  OF  DOUBLE  STARS. 

II.  39.  Procyonem  juxta. 

Feb.  2,  Double.  About  2 degrees  f.  following  Procyon,  in 
3782.  a line  from  X Geminorum  continued  through  Procyon. 
Excedively  unequal.  L.  pr. ; S.  not  vidfeie  with  278  ; 
with  460,  more  than  3 diameters  of  L.  Pofition,  by 
the  afiiflance  of  a wall  * and  micrometer  540  28  f. 
following. 

40. 

* When  the  fmall  ftar  is  fo  faint  as  not  to  bear  the  leaf!;  illumination  of  the 
wires,  its  pofition  may  ftill  be  meafured  by  the  affifiance  of  fome  wall  or  other  object ; 
for  an  eye  which  has  been  fome  time  in  the  dark,  can  fee  a wall  in  a liar-light 
evening  fufficiently  well  to  note  the  proje&ion  of  the  fiars  upon  it,  in  the  manner 
VOL.  LXXV  K which 
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II.  40.  * Secunda  ad  <p  Cancri.  Fl*  23, 

Fej.  2,  Double.  A little  unequal.  Both  rw.  With  227* 
1782.  near  2 diameters;  with  460,  2-|  diameters  of  L.  Po- 
rtion 56°  42'  n.  following. 

41.  * Prima  ad  u Cancri.  Fl.  24, 

Feb.  2,  Double.  Confiderably  unequal.  Both  pr.  With 
1782.  227,  if  diameter  of  L. ; with  460,  4 diameters  of  L. 
Pofition  3 20  9'  n.  following. 

42.  E telefcopicis  k Virginis  precedentibus  t- 

Feb.  6,  Double.  About  1 1-  degree  f.  preceding  k Virginis,. 
1782.  in  a line  parallel  to  J and  {5;  the  mod  fouth  of  three 
forming  an  arch.  Extremely  unequal.  L.  w. ; S, 
hardly  vifible  with  227  (but  with  a ten-feet  refle&or 
S.  b.)  ; with  460,  above  2 diameters  of  L.  Pofition 
5 2°  24'  f.  following. 

43.  Fl.  43am  Leonis  praecedens  ad  auftrum.  In  dextro  genu. 
Feb.  17,  Double.  Near  f degree  f.  preceding  the  43d,  in  & 
1782.  line  parallel  to  a and  the  14th  Leonis.  Very  unequal. 

L.  w. ; S.  d.  With  227,  near  2|  diameters  of 
when  bed.  Pofition  8 50  2'  n.  following. 

44.  0 Virginis.  Fl.  84.  Verfus  finem  alte  dextfce. 

Feb.  17,  Double.  Extremely  unequal.  L.  w.  inclining  to  r. ; 
3782.  S.  d.  Requires  attention  to  be  feen  with  227  ; with 
460,  2f  diameters  of  L.  Pofition,  with  278,  290  5' 
f.  preceding. 

which  has  been  defcribed  with  the  lamp-micrometer,  Phil.  Tranf.  vol.  LXXIT.  p. 
169  and  170.  Then,  introducing  fome  light,  and  adapting  the  fixed  wire  to 
the  obferved  diredion  of  the  ftars  on  the  wall,  the  moveable  wire  may  be  fet  to 
the  parallel  of  the  large  ftar,  which  will  give  the  angle  of  pofition  pretty 
accurately. 

■f  See  note  to  IV,  51* 
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II.  45,  Fl.  54  Virginis. 

April  3,  Double.  A little  unequal.  Both  w.  With  22  7, 

1782.  if  or  near  if  diameter.  Position  570  o;  n.  following. 

46.  Fl.  42am  Comas  Berenices  fequens  ad  auBrum. 

April  15,  Double.  About  if  degree  from  the'  4.26  Comm 

1782.  towards  u Bootis ; the  mod:  fouth  of  a telefcopic  equi- 
lateral triangle.  Exceffivelj  unequal.  L.  pr. ; S.  d. 
With  278,  2 § diameters  of  L. ; not  fo  well  to  be  feen 
with  higher  powers.  Pofition  6°  42'  f.  following.  A 
third  Bar  preceding,  above  1 b 

47.  Fl.  2 Comm  Berenices. 

April  18,  Double.  Confiderably  unequal.  L.  rw. ; S.  pr. 

1782.  With  278,  2 diameters  of  L;  with  460,  above  2 dia- 
meters of  L.  Pofition  270  42'  f.  preceding. 

48.  Prope  Fl.  i6amAurigm. 

Aug.  28,  A minute  double  Bar.  Lefs  than  f degree  f.  pre- 

,1782.  ceding  the  16th,  in  a line  parallel  to  the  10  and  8 
Aurigm  ; the  preceding  Bar  of  a fmall  triangle  of  which 
the  1 6th  is  the  largeB  and  following.  A little  unequal. 
Both  pr.  With  227,  if  or,  when  beB,  if  diameter 
of  L.  Pofition  1 50  48'  n.  following. 

49.  0 (Fl.  iio3)  Pifcium  borealior.  In  lino  boreo. 

Sept.  3,  Double.  About  f degree  n.  of,  and  a little  pre- 

1782.  ceding  noth,  towards  tj  Pifcium.  A little  unequal. 

\ Both  wr.  With  460,  about  3 diameters  of  L.  Pofi- 
tion 590  6'  n.  preceding.  A third  Bar  in  view,  about 
if  min. 

50.  Fl.  38.  Pifcium.  In  auBrino  lino. 

Sept.  4,  Double.  Pretty  unequal.  Both  pr.  With  227, 

1782,  full  2 diameters  of  L. ; with  460,  about  4 diameters 
of  L.  Polition  250  3'  f.  preceding. 
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II.  51.  p Capricorni.  Fl.  ii.  Trium  in  roftro  fequens. 

Sept. 5,  Double.  Very  unequal.  Both  rw.  With  460,  if 

j782.  diameter  of  L.  Petition  84°  o/ f.  following.  A third 
ftar  in  view. 

52.  0 (Fl.  40am)  Perfei  praecedens  ad  boream. 

Sept.  7,  Double.  Almoft  \ degree  preceding  the  40th,  in  a 

.1782.  line  parallel  to  f and  the  38th  Perfei.  Equal.  Both  w. 
With  227,  nearly  2 diameters.  Pofition  8°  24'  n.  pre- 
ceding. 

53.  Fl.  1 2afn  Camelopardali  praecedens. 

Sept.  7,  Double.  Lefs  than  f degree  preceding  the  1 ith  and 

1782.  I2th,  in  a line  from  the  iff  Lyncis  continued  through 
the  1 2th  Camelopardali.  Extremely  unequal.  Both 
dr.  With  227,  it  appears  like  a Ear  with  a tail ; but 
932  fhews  it  plainly  to  be  only  a double  ftar ; with 
227,  not  much  above  i‘  diameter  of  L. ; with  932, 
about  3!  diameter  of  L.  Pofition  180  33'  f.  following  ; 
a little  inaccurate. 

54.  Quae  praecedit  e (Fl  7 4arn,  oculum  boreum)  Tauri. 

Sept.  7,  Double.  Near  f degree  f.  preceding  e,  in  a line 

1782.  parallel  to  a and  y Tauri;  a fmall  ftar.  Extremely 
unequal.  L.  rw. ; S.  d.  With  460,  above  3 diameters 
of  L.  Pofition  68°  42'  f.  preceding. 

55.  Fl.  4*  Ceti  auftralior  et  fequens. 

Sept.  9,  Double.  About  1 degree  f.  following  the  4th  and 

1782.  5th  in  a line  parallel  to  tj  and  r Ceti ; in  the  fhorter  leg 
of  a rectangular  triangle.  Very  unequal.  L.  r. ; S. 
d.  With  278,  rather  more  than  2 diameters.  Poft- 
tion  210  42'  n.  preceding. 

56.  G (Fl.  6am)  Arietis  praecedens  ad  boream. 
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II.  Double.  Almoft  I degree  n.  preceding  ft  Arietis, 

Sept.  10, towards  f Andromeda; ; a fmall  ftar.  A little  unequal. 
1782.  Both  reddifh.  With  227,  full  2 diameters  of  L.  Poll- 
tion  230 1 2'  n.  preceding.  A third  bar  2'  or  3'  preceding, 
in  the  lame  direction  with  the  two  fears  of  the  double  ftar. 

5 7.  Ad  Fl.  7 2am  Aquarii. 

Sept.  27,  Treble.  About  2f  degrees  following  k,  in  a line  parallel 
1782.  to  a,  and  7i  Aquarii.  The  neared;  a little  unequal.  Both 
r.  With  460,  2 1 diameters  of  L.  Pofition  250  5 A f 
preceding..  The  two  farthed:  a little  unequal.  Of  the 
5th  clafs.  About  50°  or  550  f.  following. 

58.  Fl.  56aCeti  auftralior  et  fequens. 

Sept.  27,  Double.  About  | degree  f.  following  the  56th,  in  a 
1782.  line  parallel  to  vj  and  t Ceti.  Conbderably  unequal. 
Both  dw.  With  278,  if  diameter  of  L.  Pofition 
2 50  I2/  n.  preceding;  too  low  for  accuracy. 

59.  ^ (Fl.  46am)  Aquarii  fequens  adaudirum. 

Sept.  30,  Double.  About  2 degrees  f.  following in  a line  pa- 
1782.  rallelto/3  and  H Aquarii ; there  is  a very  condderable  ftar 
between  this  and  not  much  out  of  the  line.  Pretty 
unequal.  Both  dr.  With  227,  2|  or  z%  diameter  of 
L.  Podtion  6i°  i2;  n.  preceding. 

60.  J (Fl.  5am)  Canis  majoris  fequens  ad  boream. 

Sept.  30,  Double.  About  f degree  n.  following  the  2d  ad 
1782.  in  a line  from  the  4th  continued  through  the  5th 
Canis  majoris  nearly.  Very  unequal.  L.  rw.  ; f.  d. 
With  227,  1 1 diameter.  Pofition  67°  36'  n.  preceding. 

61.  -sr  (Fl.  47am)  Orionis  fequens  ad  auftrum. 

oa.  2,  Treble.  About  if  degree  f.  following  vr  in  a line 
2 7 parallel  to  cp  and  a,  Orionis ; the  fmalled:  and  mod:  fouth 
of  three  forming  an  arch.  The  two  neareft  extremely 
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2C  unequal.  L.  dw. ; S.  a mere  poi$h  With  227,  i|or 
1 1 diameter  of  L.  Portion  40  54'  11.  following  ; too 
obfcure  for  accuracy.  The  two  fartheB  extremely  une- 
qual. S.  a mere  point.  Of  the  fourth  clafs.  Pofi- 
tion  about  50°  f.  following. 

€2.  Fl.  3 32  Pegafi  adjedla. 

oa.  4,  Double.  In  a line  with,  and  north  of,  the  two  Bars 
3782.  that  are  about  the  place  of  the  third  Pegafi.  A little 
^ unequal.  Both  duiky  r.  With  227,  about  3 dia- 
meters of  S.  Pofition  88°  24'  n.  preceding;  perhaps  a 
little  inaccurate. 

63.  Fl.  2am  et  4am  Navis  praecedens. 

oa.  12,  Multiple.  Near  2 degrees  preceding  the  2d  and  4th 
3782.  Navis;  the  middle  one  of  three.  One  of  the  multiple 
is  double.  Nearly  equal.  Both  w.  or  afli  colour. 
With  227,  about  2§  diameter,  and  not  lefs  than  20 
Bars  more  in  view ; with  460,  about  3 diameters.  Po- 
lition  30°  1 2!  n.  preceding. 

64.  g (Fl.  8iam)  Geminorum  ad  auftrum  fequitur. 

oa.  13,  Double.  About  f degree  f.  following  £•,  in  a line  from 
1782.  Z continued  through  g Geminorum  nearly  ; the  neareft 
and  largeB  of  two.  Very  unequal.  L.  r. ; S.  bluifh 
r.  With  227,  above  3 diameters  of  L.  Pofition 
40  q'  n.  preceding. 

65.  Pollucem  fequens  ad  boream. 

oa.  13,  Double.  Full  f degree  n.  following  /3,  in  a line  from 
2782.  ^ continued  through  (3 ■ Geminorum ; the  Bar  next  to 
the  middle  one  of  three,  nearly  in  a line.  Exceffively 
unequal.  L.  rw. ; S.  d.  With  227,  above  i\  or  near 
3 diameters  of  L.  and  5 other  Bars  in  view  ; with  460, 
above  3 diameters  of  L.  Pofition  8q°  12'  n.  following. 
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II.  66.  Juxta  *y  Delphini. 

oa.  19,  Double.  Full  f degree  f.  preceding  y,  towards  a 

1782..  Delphini.  Confiderably  unequal.  L.  pr. ; S.  r.  With 
227,  If  diameter  of  L.  Pofition  78°  42'  n.  preceding. 

6y„  0 (Fl.  ioam)  Lyrae  praecedens  ad  boream. 

oa.  19,  Double.  The  4th  telefcopic  liar  about  if  degree  n„. 

1782.  preceding  (3 , in  a line  parallel  to  y and  » Lyrae.  Ex- 
tremely unequal.  L.  r. ; S.  dr.  With  227,  if  or 
almofl:  1 f diameter  of  L.  With  460,  above  2 diame- 
ters of  L.  Pofition  68°  6'  f.  following. 

68.  Proxime  ^ Lyrae. 

oa.  24,  Treble.  About  2f  minutes  f.  following  o,  Lyrae. 

1782.  The  two  neareft,  a little  unequal.  Both  dr.  With 
460,  3 full  diameters.  Pofition  8°  24'  n.  following. 
The  fartheft  as  large  as  L.  of  the  two  nearefi:  at  leafih 
Colour  dr.  Pofition  with  L.  250  57'  f.  preceding* 
Diftance  of  £ Lyrae,  which  is  in  view,  from  the  two 
nearefb  2!  if'  30'".  Pofition  65°  12',  £ being  n.  pre- 
ceding, or  the  double  ftar  f.  following. 

69.  Fl.  4*™  Cygni  fequens  ad  boream. 

oa.  24,  Double.  Near  f degree  n.  following  the  4th  Cygni, 

1782.  in  a line  from  y Lyrae  continued  through  the  4th 
Cygni.  A little  unequal.  Both  w.  With  227,  about 
2 diameters  of  L.  or  2f  when  beft.  Pofition  29°  12' 
n.  following. 

7°.  rm  8 telefcopicarum  % (Fl,  15.)  Sagittae  fequentium: 
ultima. 

Nov.  6,  Double.  About  1 f degree  f.  following  2 Sagittae,  in 

5782.  a lime  parallel  to  y Sagittae  and  y Delphini.  Extremely 
uoequal.  Both  r, ; §,  deeper  r,  WTith  227,  if  dia- 
meter 
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]I.  meter  of  L. ; with  460,  above  2 diameters  of  L,  Po- 
rtion 7 20  57'  n.  following. 

71.  Fl.  58*  Aurigae  auftralior. 

Nov.  6,  Multiple.  About  | degree  f.  of  the  58th  Aurigae,  in 
1782,  a line  parallel  to  /3  and  9.  A duller  of  ftars  containing 
a double  ftar  of  the  fecond,  and  one  of  the  third  clafs. 
That  of  the  fecond  very  unequal.  Both  r.  With 
460,  about  2 1 diameter  of  L.  Polition  440  36'  n. 
following ; that  of  the  third  equal.  Both  r.  With 
227,  above  20  liars  in  view.  Diflance  1 7"  41"'.  The 
two  double  liars  are  in  the  following  fide  of  a fmali 
telefcopic  trapezium. 

72.  Fl.  13*  Lyncis  auftralior. 

Nov.  13,  A pretty  double  ftar.  About  1 \ degree  f.  of  the  13th 
1782.  Lyncis,  towards  9 Geminorum ; a conliderable  ftar. 
Nearly  equal.  Both  pr.  With  227,  full  2§  diameters; 
with  460,  almoft  4 diameters.  Pofition  n°  o'  f.  pre- 
ceding. 

73.  Fl.  2ia Urfle  majoris. 

Nov.  17,  Double.  Very  unequal.  Both  rw.  With  227,  z\ 
I7g2.  diameter  of  L. ; with  460,  above  3.  Pofition  36°  45' 
n.  preceding. 

74.  v (Fl,  4s)  Crateris  borealior. 

Nov.  20,  Treble.  Near  1 degree  n.  preceding  v Crateris, 
1782.  towards  a.  Leonis.  The  two  neareft  equal.  Both  dw. 
With  227,  2f  or  3 diameters.  Pofition  710  33'  n.  fol- 
lowing. The  fartheft  larger  than  either  of  the  two 
other  ftars.  Of  the  fixth  clafs.  Pofition  about  68  or 
69°  f.  preceding  the  double  ftar. 


75* 


of  Double  Stars.  73 

II.  75,  Fl,  t 18  Taivri. 

Dec.  7,  Double.  A little  unequal.  L.  w. ; S.  w.  inclining 

2782,  to  r.  With  278,  %\  diameter  of  L. ; with  the  fame 
power  by  the  micrometer  f*  41 more  exactly  with 
625,  5"  2''.  Pofition  77°  if.  I could  juft  fee.it 
with  an  1 8-inch  achromatic,  made  by  Mr.  Nairne;  it 
was  as  clofe  as  poffible,  and  a pretty  object. 

76.  r (Fl.  63s)  Arietis  auftralior  et  prascedens. 

Dec.  23.  Double.  About  1 degree  f.  preceding  r Arietis, 

1782.  towards  p Ceti ; the  moft  fouth  of  two  imall  telefcopic 
ftars,.  Nearly  equal.  Both  w.  With  227,  above  3 
diameters;  by  the  micrometer  fr  \fr’>  Pofition  15 
24'  f.  preceding. 

yy.  * Fl.  1 7 Hydras. 

Dec.  28,  Double.  The  largeft  of  two.  A little  unequal. 

1782.  Both  w.  With  227,  2 1 diameter  of  L. ; with  460,  1 f 
diameter.  Pofition  90°  o'  north. 

78.  % (Fl.  63am)  Leonis  fequens  ad  auftrum. 

j,n.  1,  Double.  About  f degree  f.  following  %,  towards  r 

f 783.  Leonis;  the  fmaileft  of  two.  Very  or  extremely  un- 
equal. L.  r.;  S.  d.  With  227,  3 full  diameters  of 
L.  Pofition  75®  21'  C following. 

79.  Fl.  39  Bootis. 

Jan.  8,  A pretty  double  ftar.  A little  unequal.  Both  pr. 

1783.  With  227,  near  1 1 diameter  of  L. ; with  4 6o<,  near  2 
diameters  of  L,  Pofition  /380  2 1 ' n.  following. 

80.  d (Fl.  40*)  Eridani  adjefla. 

Jan.  31,  Double.  About  if  man.  f.  following  d Eridani. 

1 7 S3-  Very  unequal.  Both  dr.  With  227,  hardly  vifible ; 
with  460,  very  obfcure.  Pofition  56  n.  preceding. 
Vol.  LXXV.  * L Di fiance 
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II.  Diftance  of  L.  from  d Eridani,  with  227,  1'  z.i/r 47'^i 
Portion  of  L.  1 70  53/  f.  following  Eridani. 

81.  Fl.  49am  Eridani  fequens. 

Jan.  31-,  Double.  Near  1 degree  following  the  49th  Eridani,, 

1783.  towards  £ Orionis.  Very  unequal.  Both  dw.  With 
227,  full  1 diameter  of  L. ; with  278,  if  or  if  dia- 
meter of  L. ; with  460,  2f  or  3 diameters  of  L.  Po- 
fition  510  36'  n.  preceding. 

82.  Fl.  3iam  Bootis  fequens  ad  auffrum. 

Feb.  3,  Double.  Near  r degree  f.  following  the  3 iff,  in  a 

2783.  line  from  v continued  through  the  3 iff  Bootis the  mofl 
fouth  of  two.  A little  unequal.  L.  w. ; S.  dw.  With 
227,  about  if  diameter  of  L. ; with  460,  about  3 dia- 
meters of  E.  Pofition  i°  o7  f.  following.  A third  jftar 
in  view,  20°  or  30°  n.  preceding. 

S3.  Fl.  22s  Andromedae  borealior. 

Feb. 26,  Double.  Within  | -degree  north  of  the  22d,  in  a 

1783.  line  parallel  to  the  19th  and  16th  Andromedae;  the  fol- 
lowing and  fmalleftof  two.  Confiderably  unequal.  L.w.; 
S.  d.  With  227,  if  or  if  diameter  of  JE;  with 460,. 
more  than  2 diameters  of  L.  Portion  50  48'  n.  following. 

84.  Fl.  65  Pifcium. 

j?eb.  27,  Double.  Nearly  equal.  Both  pr.  With  227,  near 

1783.  if  diameter  of  L. ; with  460,  full  2 diameters.  Por- 
tion 30°  37'  n.  preceding. 

85.  b (Fl.  36s)  Serpentis  borealior  et  fequens. 

Mar.  4,  Double.  About  if  degreen,  following  b , nearly  in 

1783.  a line  from  the  3 2d  continued  through  the  36th  Ber- 
pentis.  Extremely  unequal.  L.  w.  ; S.  dw.  With 
227,  1 full  diameter  of  L. ; S.  hardly  to  be  feen  ; with 
460,  full  2 diameters  of  L.  Pofition  4b0  y'  n.  preceding. 

86. 


cf  Double  Stars t f 

If.  86.  Fl.  49am  Serpen  tis  praecedens  ad  an  Hr  mil. 

Mar.  7,  Double.  About  i|  degree  f.  preceding  the  49th,  in 
1783.  aline  with  the  49th  and  another  between  this  and  the 
49th  Serpentis,  each  nearly  at  £ degree  diflance.  Very 
unequal.  L.  dw.  5 S.  d.  With  227,  2 diameters,  or 
2 1 when  bed:.  Volition  530  f f.  following. 

87.  Fl.  29set3os  Monocerotis  auflralior. 

Mar.  8,  Multiple.  it  makes  nearly  an  equilateral  triangle 
1783.  with  the  29th  and  30th  Monocerotis  towards  the  foutin 
Among  many,  the  fourth  from  the  fouth  end  of  an 
irregular  long  row  is  double.  A little  unequal.  Both 
pr.  With  227,  1 diameter  of  L.  and  16  more  in 
view.  Polition  86°  12'  f.  following. 

88.  ea  (Fl.  5iam)  Serpentis  praecedens  ad  auflruim 

Mar.  8,  Double.  About  f degree  f.  preceding  the  5 iff, 
1783.  towards  the  13th  Serpentis.  Very  or  extremely  une- 
qual. Both  r.  With  227,  2 1 diameter  of  L.  when 
bell;  with  46©,  near  3 diameters  of  L.  Pofitioa 
440  45'  n.  preceding. 

89.  Ad  Genam  Monocerotis. 

Mar.  26,  Double.  About  i degree  11.  preceding  the  1 2th  Mo* 
1783.  nocerotis,  in  a line  parallel  to  a and  A Orionis ; the 
fmallefl  and  molt  north  of  two.  Confiderably  une- 
qual. L.  r. ; S.  bluilh  r.  With  227,  near  4 diame- 
ters of  L.  when  bed:.  Pofition  50°  51'  n.  following* 
9'6.  Fl.  iooam  Herculis  praacedens  ad  borearm 
Mar.  27,  Double.  About  i|  degree  n.  preceding  the  100th, 
1783.  towards  p,  Herculis;  a very  fmall  telefcopic  flar;  the 
mod:  towards  p and  fmallefl  of  three  forming  an  arch. 
Confiderably  unequal.  Both  dw.  With  227,  about 
2 diameters  of  L.  Pofition  750  f f.  following. 

L t 
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II.  91.2  (Fl.  153)  Sagittal  auftraliot. 

Apr.  5,  Treble.  About  twice  as  farfouthdf  z Sagitta*,  as  % 
1 783.  and  the  Far  near  it  are  from  each  other;  a fmall  ftar. 
The  two  neared:  very  unequal.  L.  pr. ; S.  r.  With 
227,  1 f diameter  of  L.  Portion  740  54'  f.  preceding. 
The  third  with  L.  extremely  unequal.  S.  d.  With 
227,  about  3 diameters  of  L.  or  more.  Pofition  about 
40°  or  50°  n.  preceding.  With  more  light  this  would 
be  a fine  object, 
f 2.  In  Camelopardali  dune, 

Apr.  30,  Double.  About  four  times  the  diftance  of  the  10th 
1783.  and  1 2th  Camelopardali,  north  of  the  10th,  and  almofl 
in  the  fame  direction  with  the  10th  and  12th,  is  a ftar 
of  between  the  5th  and  6th  magnitude  not  marked  iti 
Flamsteed  ; naming  that  ftar  A,  we  have  the  fol- 
lowing direction.  About  f degree  preceding  A Came- 
lopardali, in  a line  from  the  2d  Lyncis  continued 
through  A ; the  fecond  from  A.  Very  unequal.  L* 
w. ; S.  d.  With  227,  1 1 or  2 diameters  of  L.  Po- 
fition 22°  42'  f.  following.  Very  inaccurate. 

93.  £ (Fl.  13s)  Aquilae  auftralior. 

May  25,  Double.  Near  | degree  fouth  of,  and  a little  foB 
1783.  lowing  e,  towards  A Aquike,  a very  fmall  ftar.  Very 
unequal.  L.  dw. ; S.  dr.  With  460,  above  2 dia- 
meters of  L.  Pofition  1 6°  o'  n.  preceding. 

94.  1 (Fl.  i 7am)  Andromedae  praecedens  ad  boream. 

Aug,  19,  Double.  About  if  degree  n.  preceding;  Andromedae 
1783.  in  a line  parallel  to  u and  Cafliopeiae  ; in  the  fide  of  a 
trapezium  of  four  fmall  ftars.  Pretty  unequal.  Both 
r.  With  460,  2 f diameters  of  L.  Pofition  340  24' 
n,  preceding. 


95. 
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II.  95.  vj  (Fl.  55s)  Aquike  auflralior. 

Sept.  12,  Double.  About  f-  degree  fouth  of  57,  in  a line  from 
1783.  « continued  through  77  Aquilaa ; a fmall  flar.  A little 
unequal.  Both  dufky  afh-coloured.  With  460,  near 
3 diameters  of  L. ; with  278,  near  2 diameters  of  L. 
Pofition  290  3'  n.  preceding. 

96.  (5  (Fl.  65s)  Aquilge  borealiot  et.fequens. 

Sept.  12,  ' Double.  About  if  degree  n.  following  0 Aquilae, 
1783.  towards  s Delphini ; more  accurate  towards  29  Vulpe- 
cuke;  a very,  confiderable  flar.  Nearly  equal.  Both 
rw.  With  278,  about  if  diameter  of  L. ; with  460,, 
full  2 diameters.  Pofition  56°  i27  f preceding^ 

97'  J(Fl.  64*™)  Cygni -praecedens. 

Sept.  15,  Treble.  About  1 degree  preceding.;  £,  towards  the 
1783.  41ft  Cygni;.  a large  flar.  The,  two  nearefl ; extremely 
unequal.  L.  w.  ; S.  pr.  With  460,  2§; diameters  of 
L.  Pofition  450  1 5'  n.  preceding.  The  third  with  L. 
extremely  unequal.  Of  the.  5th  or  6th  clafs ; about 
50°  f.  preceding. 

98.  Fl.  49  Cygni. 

Sept.  13,  Double.  Very  unequal.  L.  r.  ; S.  bluifli  r.  With 
1783.  278,  1 1 diameter  of  L.  ; with  460,  2f  diameters  of 
L.  Pofition  3i°48/  n.  following. 

99.  jQ  (Fl.  6am)  Cygni  fequens  ad  boream. 

Sept.  15,  Double.  Near  f degree  n.  following  (3,  towards  | 
1783.  Cygni.  Very  unequal.  Both  dw.  With  278,  if 
diameter  of  L. ; with.  460,  aboqt  2 diameters  of  L. 
Pofition  87°  48' n.  following. 

100.  Fl.  5 i3  Cygni  borealior  e,t  fequens. 

Sept.  24,  Double.  Near  two  degrees  n.<  following  the  5 1 ft 
1783.  Cygni,  in  a liny  parallel  to  0 Cygni  and  a Cephei ; a. 
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•'ll.  pretty  confiderable  Far.  Very  unequal.  L.  w. ; S. 
inclining  to  blue.  With  278,  extremely  unequal, 
and  if  diameters  of  L.  when  bell ; requires  attention  to 
be  fee n well  with  this  power  ; with  460,  full  2 diame- 
ters of  L.  or  2 $ when  belt,  other  wife  much  lefs.  Pofi* 
tion  1 50  5i/  n.  following, 

10 1.  Fl.  5yam  ::  Camelopardali  prsecedens  ad  boream. 

Sept.  26,  Double.  About  -2  degrees  n.  preceding  the  57  ::  9 

1783.  towards  the  42d  Camelopardali;  a confiderable  Far 
‘ near  three  fmaller,  forming  an  arch.  About  1 degree 
from  the  double  Far  V.  135*  Confiderably  unequal. 
Both  pr.  With  278,  if  diameter  of  L. ; with  460, 
2i  diameters  of  L.  Pofition  67°  15'  n.  preceding. 

102.  e (Fl.  29s)  Orion  is  auFralior  et  praecedens. 

Sept.  27,  Double.  About  f degree  f.  preceding  e , in  a line 

17 83.  parallel  to  and  /3  Orionis  ; the  largeF  of  feveral.  Very 
unequal.  L.  pr.  ; S.  inclining  to  garnet.  With  2785 
near  2 diameters  of  L.  With  460,  if  diameters  of 
L.  Pofition  5 20  24'  f.  following. 

1 * ' 1 * y _ f ? 

“ ■ ■■■!■  11 A I -il  ' 

. 1 ::  t - , r ■ ' ' • '» 

third  class  of  double  stars* 

in.  47.  e Pollucis;  Fl.  38  Geminorum.  In  calce. 

Dec.  27,  Double.  'Extremely  unequal.  L.  rw. ; S.  r.  Dif- 

1781.  tance,  with  460,  .7"  48^.  Polition  89°  54'  f.  follow- 
ing. Two  more  in  viewy  the  neareF  of  them  perhaps 
40^  ; they  form  a redlangle  nearly. 
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III.  48.  r (Fl,  6 iam)  Geminorum  prascodens  ad  boream. 

Dec.  27.,.  Double.  y About  1 degree  n.  preceding  r,  in  a line 

17.81,  parallel  to  * and  the  60th  Geminorum  ; near  two  de- 
. grees  from  l.  A little  unequal.  Both'  pr.  Diftance 
6"  15  Pofition  430  5 A 11.  following. 

49.  $ (Fl.  4am)  Hydras  praeceden-s  ad  boream. 

Jan.  20,  Double.  About  1 \ degree  n.  preceding  in  a line 

1782.  from  7]  continued  through  $ Hy  difc-e.  Pretty  unequal. 
L.  r.  ; S.  garnet.  Diftance  12"  30'",  Poiition  62° 
48'  n.  following. 

50.  9 Virginis.  Fl.  51.  De  quatuor  ultima  et  fequens. 

Feb.  6,  Treble.  The  two  neareft  extremely  unequal.  L.  w. ; 

I782.  S.  d.  Diftance  f V"  ; but  inaccurate  on  account  of 
the  obfcurity  of  S.  Pofition  69°  18'  n.  preceding. 
For  meafures  of  the  two  fartheft  fee  VI.  43. 

51.  Fl.  88  Leonis.  In  dextro  clune. 

Feb.  9,  Double.  Extremely  unequal.  L.  rw.  ; S.  r.  Dif- 

1 782.  tance  1 4"  3.8"' 5 a little  inaccurate.  Pofition  470  3 J/ 
n.  preceding. 

52.  Fl.  ioam  Orionis  fequens. 

Feb.  17,  Double..  Above  | deg,  n.  following  the  10th,  towards  - 

1782.  w Orionis.  Confiderably  unequal.  Both  pr.  Diflance 
with  278,  1-3."  4ow.  Pofition -37°  f n.  following. 

53.  y Virginis  borealior  et  fequens. 

Feb. .17,  Double.  Near  2 i degrees  n.  following  y,  in  aline 

3782.  parallel  to  e and  « Virginia;  a confiderable  Bar;  a line 
from  y to  this  paftes  between  two  of  nearly  the  fame 
magnitude  with  this  far.  A little  unequal.  Both  d;. 
Diftance  12"  Pofition  79°  o'  n.  preceding. 
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III.  54.  Secunda  ad  <r  Urfe  majoris.  Fl.  13.  Infronte. 

June-  2,  Double.  Extremely  unequal.  L.  w. ; S.  r.  Did 

1782,  tance  *]"  $(>'"*  Polition  130  o' n.  preceding. 

■55.  v (Fl.  i8am)  Coronas  borealis  fequens  ad  boream. 

June  14,  Double.  Conliderably  unequal.  L.  dr. ; S.  d. 

1782.  Distance  with  227,  about  301*4  diameters  of  L.  being 
-too  obfcure  for  the  micrometer.  Pofition.  530  48'  f. 
(preceding.  Didance  of  the  larged  of  the  two  from  y 
Coronas  i/  1 8//  8///r.  Polition  of  the  fame  with  u,  64° 
24'  n.  following. 

56.  S (Fl.  72s)  Serpentarii  borealior. 

■June  16,  Double.  About  2§  degrees  n.  of  the  72b  Serpen- 

,3782.  tarii ; a conliderable  dar.  A little  unequal.  Both  r. 
Didance  7"  37'A  Polition  90  42'  f.  preceding.  A third 
dar  about  1'  preceding. 

■57.  In  Anferis  corpore. 

•Aug.  11,  A pretty  double  dar.  About  f degree  n.  of  a cluder 

.1782.  of  dars> formed  by  the  4th,  5th,  7th,  9th  Anferis;  in 
a line  parallel  to, the  6th  Vulpeculae  and  /3  Cygni ; that 
of  two  which  is  farthed  from  the  cinder.  A little 
'■unequal.  Both  r.  Didance  7"  i"'.  Polition  58°  36' 
f.  following. 

-58.  0 Perfei.  Fl.  13.  In  linidro  humero. 

Aug.  20,  Double.  Extremely- unequal.  L.  w.  inclining  to  r. ; 

^1782.  S.  d.  Didance  with  932,  13"  3i///.  Polition  20°  o' 
n.  preceding.  A third  dar,  very  unequal,  within  P; 
towards  the  fouth. 

.59.  Ad  Fl.  1 9 am  Perfei.  In  capite. 

Aug.  20,  Double.  It  is  perhaps  the  19th  Perfei  removed,  or 

^782.  more  likely  a dar  not  marked  in  Flamsteed’s  Cata- 
logue; the  19th  being  either  vanifhed,  or  mifplaced  by 

Flamsteed. 
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IIL  FlamVfeed,  Pretty  unequal.  L.  bw. ; S.  br.  Dif- 
tance  12"  2r" . Pofition  o°  o'  following. 

60.  Secunda  ad  p Perfei.  Fl.  20. ' Illas  in  larva  praecedit. 

Aug.  20,  Double.  Extremely  unequal.  L.  rw. ; S.  d.  Dif- 
i782.  tance  14"  2"'.  Pofition  30°  30'  L following. 

61.  Sub  flnem  caudae  Draconis.  „ 

Aug.  29,  Double.  Of  two  confiderable  ftars,  about  half-way 
2782.  between  « and  t Draconis,  that  which  is  towards  /. 
The  two  liars  are  parallel  to  f and  e Urfae  majoris. 
Very  unequal.  L.  pr, ; S.  db.  Diftance  1 2"  30"' ; 
perhaps  a little  inaccurate.  Pofition  87°  42'  11.  preceding. 

62 . Fl.  35  Pifcium.  In  lino  auftrino, 

»cpt.  4,  Double.  Conliderably  unequal.  L.  rw. ; S*  pr. 
i782.  Diftance  12"  30'".  Pofition  58°  54'  f.  following. 

63.  Prope  Fl.  65am  Sagittarii.  Ad  extremum  paludamentum. 
Sept.  5,  Double.  Near  f degree  f.  following  the  65th  Sagit- 
1782.  tarii  towards  f Capricorni.  Very  unequal.  Too.  low 

for  colours;  perhaps  dw.  Diftance  14"  20'".  Pofi- 
tion 730  48'  n.  following. 

64.  Fl.  26  Aurigae.  In  dextri  cruris  involucro. 

Sept.  5,  Double.  Very  unequal.  L.  rw. ; S.  r.  Diftance 
1782.  13  ' zf"*  Pofition  2°  36'  n.  preceding. 

65.  e (Fl.  58*)  Perfei  auftralior.  In  dextri  pedis  talo. 

Sept.  7,  Double.  About  xo'fouthof  the  58th  Perfei,  in  a 
1782.  line  parallel  to  f and  t Aurigaa;  a fmall  telefcopic  ftar. 
Very  unequal.  L.  r. ; S.  d.  Diftance  with  625,  1 \ n 
22///.  Pofition  48°  54'  n.  following.  Very  inaccurate  : 
windy. 

66.  e Tauri.  Fl.  30.  In  dextri  humeri  fcapula. 

Sept.  7,  Double,  Extremely  unequal.  L.  w. ; S.'  r.  Dif- 
1782.  tance  n"'  16"7;  inaccurate  on  account  of  obfeurity. 
Pofition  1 70  15'  n.  following. 
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Sept.  7,  'Double.  Excefifvely  unequal.  L.  \v.  ; S.  cl.  With 

5782.  227,  there  was  not  a ppffibility  of  meafuringthe  dis- 
tance, though  the  giafs  was  carefully  cleaned  ; on  try- 
ing 625,  I found  the  ftar  fo  ftrong  that  it  bore  a very 
tolerable  good  light*.  Diftance  with  this  power  12" 
20"'.  Poiition  2P  n.  preceding'. 

68.  7]  (Fl.  17s)  Arietis  auftralior  eft  praccedens. 

Cepr.  10,  Double.  Full  i degree  fouth  preceding  rn  in  a line 

1782.  parallel  to  » and  y Arietis.  Very  unequal.  L.  pr. ; 
S.  d.  Diftance  S'"  5'".  Poiition  550  42'  S.  following. 

69.  Prope  Fl.  64am  Aquarii.  In  dextro  femore. 

Sept.  27,  Double.  Full  if  degree  11.  following  the  64th  , 

•3782.  in  a line  parallel  to  X and  4 Aquarii ; the  largeft  of  two 
that  follow  a very  obfcure  triangle  in  the  finder.  Ex- 
tremely unequal.  L.  rw. ; S.  db.  Diftance  1 2"  46/;/. 
Poiition  200  3/  f.  following. 

70.  k Cephei.  Fl.  i.  In -dextro  crure. 

Sept.  27,  A beautiful  double  ftar.  Extremely  unequal.  L. 

17*82.  hue  w. ; S.  r.  Diftance  5''  47'".  Poiition  3 20  30'  ft 
following. 


With  regard  to  fmail  ftars,  that  become  viable  by  an  increafe  of  magnifying 
power,  we  may  furmife,  that  it  is  partly  owing  to  the  greater  darknefs  of  the 
held  of  view,  anfing  from  the  increafed  power,  and  partly  to  the  real  effeft  of 
the  power;  for,  though  the  real  diameter  of  a ftar,  notwithllanding  it  he  magnified 
a thoufand  times,  fhould  ftill  remain  fmaller  than  the  minimum  viiibile,  yet  ftnce  a 
ftar  of  thefeventh  magnitude  maybe  feen  by  the  naked  eye,  we  may  conclude,  that 
the  light  of  a ftar  fubtends  incomparably  a larger  angle  than  its  luminous  body ; 
and  this  may  be  in  fuch  a proportion,  with  very  fmail  ftars,  that  the  power  of 
the  tefefcope  fball  be  juft  fufficient  to  magnify  the  real  diameter  fo  as  to  bring  it 
within  the  limits  of  this  proportion,  whereby  the  ftar  will  become  vifible. 
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III.  71.  Tiar-arn  Cephei  priccedens.. 

Sept.  27,  Treble.  About  if  degree  preceding  the  gurmi'Jlar  ** 
178 2,  in  a line  parallel  to  j and  f Cephei.  The  two  neared 
very  unequal.  L.  w. ; S,  db.  Didance  11"  3$'', 
Portion  350  24/  f.  following.  The  two  fart  heft  con  ft- 
derably  unequal.  S.  db.  Diftance  18"  37'".  Peti- 
tion 730  57'  n*  preceding.  The  place  of  th g garnet 
flar , reduced  to  the  time  of  Flamsteed’s  Catalogue,  is 
about  PR.  21  h.  45b  P.D.  32T. 

73.  Tiaram  Cephei  praecedens. 

Sept.  27,  Double.  Within  f degree  of  the  foregoing  treble 
1782.  ftar.  Confiderably  unequal.  L.  rw. ; S.  pr.  Diftance. 
1 Pofition  320  o/  n.  following. 

73.  Fl.  25s  Ceti  auftralior  et  fequens. 

oa.  2,  Double.  About  £ degree  f.  following  the  25th,  in  a 
3782.  line  parallel  to  $ and  r Ceti.  Pretty  unequal.  Diftance 
with  278,  14^  5o/v.  Pofition  8p°  12'  1.  preceding  ; 
perhaps  a little  inaccurate. 

74.  Fl.  i 8s  Pegafi  auftralior.  Ad  oculum  finiftrum. 

oa.  4,  Double.  About  £ degree  f.  preceding  the  18,  in  a 
1782.  line  parallel  to  y and  e Pegafi ; the  moft  north  and  largeft 
of  two.  A little  unequal.  Both  rw.  Diftance  14" 
29'"  full  meafure.  Pofition  31 0 33'  n.  following. 

75.  Ad  Genam  Monocerotis. 

oa.  4,  Double.  About  1 degree  n.  of,  and  a little  preceding 
1782.  the  fix  telefcopics  in  the  place  of  the  12th,  in  a line 
parallel  to  the  1 ztli  Monocerotis  and  p Geminorum. 

76.  ruv  quatuor  telefcopicarum, S Orionis  fequentium,  penultima, 
oa.  4,  Double.  About  f degree  n.  following  in  a line 
1782.  parallel  to  t and  1 Orionis.  Extremely  unequal* 

* Phil.  Tranf.vol.LXXIII.  p.  257. 
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III.  L.  r. ; S.  d.  Diftance  with  278,  p7/  i2;/h  Pofition 
1 30  6 7 n.  preceding, 

77.  Fl,  65am  Arietis  fequens  ad  auftrum. 

oa.  9,  Double.  About  f degree  f.  following  the  65th  Arie- 

1782.  tis,  in  a line  parallel  to  the  Pleiades  and  e Tauri  ; the 
preceding  of  two.  Very  unequal.  L.  r. ; S.  bluifh. 
Diftance  87/  gz'".  Pofition  730  187  f.  following. 

78.  Fl.  I3am  Tauri  praljedehs  ad  auftrum, 

oa.  9,  Double.  About  if  degree  ft  preceding  the  13th 

1782.  Tauri,  in  a line  parallel  to  e Tauri  and  £ Ceti.  Nearly 
equal.  Both  pr.  Diftance  7"  io777,  Pofition  87°  $7' 
n.  preceding. 

79.  e (Fl.  83s)  Ceti  borealior. 

oa.  13,  Double.  About  f degree  n.  of  s Ceti ; the  neareft  of 

1782.  three  forming  an  arch.  Extremely  unequal.  L.  rw. ; 
S.  darkifh  red.  Diftance  with  278,  io77  4s777.  Pofi- 
tion 450  1 27  ft  preceding. 

80.  0-  (Fl.  76ara)  Ceti  praecedens.  In  fmiftro  crure. 

oa.  13,  Double.  Full  i \ degree  preceding  <r,  towards  r Ceti. 

1782.  Extremely  unequal.  L.  rw. ; S.  br.  Diftance  ii7' 
16777.  Pofition  220  247  n.  preceding. 

8 i.  Parvula  a f Lyrae  e verftus, 

oa.  19,  Double.  Above  f degree  from  % towards  e Lyra. 

7782.  Extremely  unequal.  L.  r. ; S.  dr.  Diflance  9 77  2jy// 
full  meafture.  Pofition  66°  187  n.  following. 

82.  Fl.  41  Aurigae. 

Nov.  6,  A pretty  double  ftar.  Confiderably  unequal.  L.  w.  % 

1782.  S.  grey  inclining  to  r.  Diftance  877  32//7.  Pofition 
8o°  o7  n.  preceding. 


of  Doable  Stare.  - 8 

III.  83.  Fl.  19  Lyncis. 

Nov.  i”  Double.  A little  unequal.  L.  rw. ; S.  bw.  DiS 
i782.  tance  14'7  1 1'".  Pofition  46°  54'  f.  preceding. 

84.  Fl.  40  Lyncis.  In  Urfafe  majoris  pede. 

Nov.  13,  Double.  Very  or  extremely  unequal.  L.  wr. ; S.  r. 
I782.  Diftance,  7"  11777.  Pofition  48°  1.2 7 n.  preceding. 

85.  Fl.  2 Can  urn  Venaticorum. 

Nov.  13,  Double.  Very  unequal.  L.  r. ; S.  bluifh.  Dii- 
1 y 82.  tance  1 2 77  1 2777.  Pofition  1 1 0 o7  f.  preceding. 

86.  Fl.  57  Urfae  majoris. 

Nov.  20,  Double.  The  largeft  of  two  Lars.  Excefiively  un- 
jyga.  equal.  L.  w. ; S.  a red  point  without  fenfible  magni- 
tude. With  227,  S.  is  but  juft  vifible.  Pofition  750 
3b7  n.  following. 

87.  Fl.  59s  Urfae  majoris  borealior. 

Nov.  20,  A pretty  treble  far.  Near  if  degree  n.  of  the  59th  9 
! y§2.  in  a line  parallel  to  i[/  and  <3  Urfae  majoris  nearly.  The 
two  neareft  confderably  unequal.  L.  pr.  $ S.  r.  Dis- 
tance 1 2"  307//.  Pofition  o°  o7  preceding.  The  two 
fartheft  very  unequal.  S.  dr.  Diftance  3.2"  2,1 777,. 
Pofition  40  o7  n.  following. 

88.  Fl.  1 Is  Tauri  borealior  et  fequeUs. 

Nov.  25,  Double.  About  f degree  n.  following  the  nth 
1782.  Tauri,  towards  / Aurigae.  Very  Unequal.  L.  w. ; S„ 
pr.  Diftance  with  -278,  if'  Pofition  89°  517 

n.  following. 

89.  Ad  63am  Herculis.  In  lineaper  ^ et  e dudla. 

Nov.  26,  double.  About  4 degrees  from  $ towards  e Herculis,. 
1782.  near  the  63d.  Very  unequal.  L.  r.  ; S.  r,  Diftance 
i i7/  53777.  Pofition  47°  q87  n.  following, 

c ~ 90° 
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90,  f'L.  1 o j’  Tauri  boreaiior. 

Nov.  29,  Double.  About  three  degrees  dire&Iy  n.  of  the  sc* 
1782.  lauri;  the  Jargcft  of  three,  forming  an  obtufe  angle.. 
C on bderably  unequal.  L».  rw.  ; S,  pr,  Diftance  with 


^/U; 


'&"•  Pofition  64°  o'  n.  following. 

O' 


91.  Fl.  62^  Arietis  boreaiior  et  fequens, 

Dec.  23,  Double.  Near  1 degree  n.  following  the  6ed  Ari- 
1782.  etis,  towards  s Perfei.  Nearly  equal.  Both  dw.  Dif- 

tance  11"  sf"\  not  very  accurate.  Petition  120  2 4'. 
n.  preceding  or  f.  following. 

92.  | (Fl.  773m)  Cancri  praecedens  ad  hoream. 

Dec.  28,  Double.  About  1 degree  n.  preceding  £ Cancri,  in  a. 
1782.  line  parallel  to  s Leonis  and  the  41ft  Lyncis;  a confi- 
derable  ftar.  A little  unequal.  Both  rw.  Diftance 


8:/  So'" 


93.  Fl.  1 17  Tauri 


Pofition  65°  12'  f.  preceding. 


Dec.  31,  Double.  Almoft  equal.  Both  rw.  Diftance  12" 

1782.  i2//7.  Pofition  520  2 7' ft  following. 

94-  v (Fl.  7am)  Leporis  praecedens  ad  boream. 

Dec. 31,  Double.  About  if  degree  n.  preceding  v Leporis,  in 

1782.  a line  parallel  to  x and  s Orionis;  the  fecond  in  that 
line.  Equal.  Both  rw.  Diftance  1 1"  44///.  Pofi- 
tion 40  o'  ft  following  or  n.  preceding. 

95-  V (Fl.  48am)  Eridani  praecedens  ad  auftrum. 

Jan.  2,  Double.  Near  f degree  ft  preceding  v,  in  a line  from 

1783.  the  51ft  continued  through  the  48th  Eridani.  Extremely 
unequal.  E.  rw. ; S.  d.  and  hardly  to  be  ieen  with 
227.  Diftance  with  278,  15"  21 ; very  inaccurate 
©n  account  of  obfcurity.  Pofition  90  18'  ft  preceding. 
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III.  9 6.  Fl.  17  Crateris. 

Jan.  io,  Double.  Nearly  equal.1  Both  rw.  Didance  <ff: 
1783.  46/7/.  Portion  64°  27'  f.  preceding. 

97.  Fl.  54  Hydras. 

Jan.  10,  Double.  Very  unequal.  L.  w.  ; S.  bluifh  r.  Did 
1783.  tance  1 i77  17 77/;  too  low  for  great  accuracy.  Pofitioa 
3-8°  1 5 7 f.  following. 

98.  Ad  Genam  Monocerotis. 

Jan,  13,  Double.  About  f degree  f.  preceding  the  mod  £ of 
1783.  a cluster  of  fix  telefcopics  in  the  place  of  the  12th,  in  a 
line  parallel  to  the  15th  and  12th  Monocerotis.  Exc- 
eed] vely  unequal.  Poftion  6i°  j;7  C preceding.. 

99.  Fl.  55  Eridani. 

Jan.  31,  Double.  A.  very  little  Unequal.  L.  pr. ; S.  rw. 
1783.  Distance  q77  q777.  Poftion  440  q7  n.  preceding. 

100.  Fl.  55am  Eridani  praccedens  ad  and  rum. 

Jan.  3r,  Double.  About  z\  degrees  f.  preceding  the  55th 
1783.  Eridani,  in  a line  parallel  to  Rigel  and  y Eridani.  Con- 
fderably  unequal.  L.  pr. ; S.  db.  Didance  1 177  50777. 
Poftion  1 6°  247f.  preceding. 

10 1.  k Centauri.  Fl.  3. 

Jan.  31,  Double.  Confderably  unequal.  L.  dw. ; S.  dpr„. 
1783.  Didance  1 177  Poftion  22°  o7  f.  following.. 

102.  h (Fl.  29am)  Herculis  praecedens  ad  audrurn. 

’Feb.  3,  Double.  About  1 f degree  f.  preceding  h Herculis 
1783.  towards  £ Serpentis  ; a fmalldar.  Very  unequal.  Both 
r.  Didance  if  z'",  Poftion  67°  12"  n.  following. 
I03“  2 (Fl.  37s)  Serpentis  borealior  et  fequens. 

March  4,  Double.  Near  two  degrees,  f.  followings  in  aline 
J7^3*  parallel  to  the  13th  Serpentis  and  10th  Serpentarii. 
Very  unequal.  L.  pr. ; S.  r, ; but  a dry  fog,  if  I may 

fo 
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Ilf.  fo  call  it,  probably  tinges  them  too  deeply.  Diftance 
with  278,  1 2//  34'";  with  625,  is'7  23'v/.  Pofttion 
50°  1 2/  11.  preceding. 

^04.  Fl.  8^m  Herculis  prsecedens. 

Mar.  06,  Double.  About  § degree  preceding  the  83  ; the  fe- 
2 7 8 cotid  ftar  towards  the  79th  Herculis.  Very  unequal. 
L.  r. ; S.  darker  r.  Diftance  14"  20///.  Pofttion  83° 
48/  n.  preceding. 

105.  y (Fl.  123)  Sagittae  borealior  et  praecedens. 

April;,  Double.  About  z'  preceding  the  double  ftar  V.  10 6. 

783.  Pretty  unequal.  L.  r. ; S.  d.  Diftance  i4//29///; 
very  inaccurate,  on  account  of  obfcurity.  Pofttion 
50°  24'  f.  preceding. 
io,6.  Fl.  5 Serpentis. 

May  21,  Double.  Excefftvely  unequal.  L.  rw. ; S.  db.  Too 
1783.  obfcure  for  mealures.  Of  the  third  clafs,  far.  Poft- 
fttion  about  30°  or  40°  n.  following. 

107.  Congerie  Stellularum  Sagittarii  borealior. 

June  6,  Double.  Above  if  degree  n.  of  the  20th  clufter  of 
ftars  of  the  Connoijfance  des  Temps , in  a line  parallel 
to  y Sagittarii  and  the  clufter  : the  moft  fouth  of  many. 
Confiderably  unequal.  Diftance  with  278,  15"  io//7. 
As  accurate  as  the  prifmatic  power  of  the  atmofphere, 
which  lengthens  the  ftars,  will  permit.  Pofttion  540 
48/  f.  preceding*. 

. 108. 

* What  I call  the  prifmatic  power  of  the  atmofphere,  of  which  little  notice 
has  been  taken  by  aftronomers,  is  that  part  of  its  refractive  quality  whereby  it 
difperfes  the  rays  of  light,  and  gives  a lengthened  and  coloured  image  of  a lucid 
point.  It  is  very  vilible  in  low  ftars ; Fomalhand,  for  inftance,  affords  a beau- 
tiful prifmatic  fpe&rum.  That  this  power  ought  not  to  be  overlooked  in  delicate 
. arid 

4 


cf  Double  St ar 


111.  10S.  Fl.  Aquilae  praecedens  ad  boream. 

July  7,  Double.  Above  f n.  preceding  the  19th,  111  a line 
3783.  parallel  to  j3  and  f Aquilae.  Very  unequal.  L.  r. 


S,  dr.  Diftance  12"  Pofition  58°  27'  f.  fol- 


July 7,  Double.  About  if  degree  n.  preceding  the  19th,  hi 


rw.  Difiiance  io7/  itJ"?  Pofition  220  6'  n.  preceding, 
no.  Fl.  77s  Cygni  borealior  et  prascedens. 

Sept.  17,  Quadruple.  Full  f degree  n.  preceding  the  17th,  in 
3783,  a line  parallel  to  cr  and  » Cygni;  a fmall  Par.  The 
two  neareft  extremely  unequal.  L.  r. ; S.  d.  Diftance 
with  625,  13"  547//.  Pofition  67°  36'  f.  following. 
The  two  largefi:  a very  little  unequal.  Both  r.  Dis- 
tance with  278,  25"  5Sy//.  Pofition  40°"  33'  11.  fol- 

and  low  obfervations,  is  evident  from  fome  meafures  I have  taken  to  afcertain  its 
quantity.  Thus  I found,  May  4,  1783,  that  the  perpendicular  diameter  of  e, 
Flamsteed’s  20th  Sagittarii,  meafured  16"  9"',  while  the  horizontal  was  S"35'"; 
which  gives  7"  34"'  for  the  prifmatic  effeft  : the  meafures  were  taken  with  460, 
near  the  meridian,  and  the  air  remarkably  clear.  And  though  this  power,  which 
depends  on  the  obliquity  of  the  incident  ray,  diminilhes  very  fall  in  greater  alti- 
tudes, yet  I have  found  its  effects  perceivable  as  high,  not  only  as  & or  y Corvi  in 
the  meridian,  but  up  to  Spica  Virginis,  and  even  to  Regulus.  Experiments  on 
thefe  two  latter  Ears  I made  November  20,  1782  ; when  Regulus,  at  the  altitude 
of  49°,  fhewed  the  purple  rather  fuller  at  the  bottom  of  the  field  of  view  than 
when  it  was  at  the  upper  edge ; which  flhews  that  the  prifmatic  powers  of  the  edges 
of  the  eye  lens  were  affifted  in  one  fituation  by  the  power  of  the  atmofphere,  but 
countera£ted  by  it  in  the  other.  I turned  the  eye  lens  in  all  fituations,  to  convince 
myfelf  that  it  was  not  in  fault.  This  experiment  explains  alfo,  why  a ftar  is  not 
always  beft  in  the  center  of  the  field  of  view  ; a la£t  I have  often  noticed  before  I 
knew  the  caufe. 


lowing. 

109.  Fl,  ip3™  Aquilae  praecedens  ad  Boream. 


1783.  aline  parallel  tos  and  J1  Aquilae.  Pretty  unequal.  Both 
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III.  lowing.  The  fartheft  very  unequal.  $.  d.  Polition 
almoft  in  a lino  with  the  two  largeft. 
in.  e (Fl,  46®)  Orionis  borealior  et  fequens. 

Sept. 20,  Treble.  About  if  degree  n.  following  e,  towards 
1783.  cc  Orionis.  The  two  neared  of  the  third  clafs. 

1 1 2.  £ (Fl.  i8am)  Cygni  fequens  ad  auftrum. 

Sept.  22,  Double.  About  \ degree  f.  following  d,  towards  the 
17-8,3.  47th  Cygni;  a pretty  confiderable  ftar.  Equal,  or  per- 
haps the  fouthern  ftar  the  fmalleft:.  Both  pr.  Dif- 
tance  with  278,  io7/  8y//.  Polition  71 0 oh  f.  fol- 
lowing. 

113.  Fl.  27*™  Cygni  praecedens  ad  auftrum. 

Sept.  23,  Quadruple  and  Sextuple.  About  f degree  f.  pre- 
5783.  ceding  the  treble  ftar  I.  96. ; the  middle  of  three,  the 
moft  north  whereof  is  the  27th  Cygni.  In  the  qua- 
druple or  n.  preceding  fet,  the  two  neareft  very  une- 
qual. Diftance  with  278,  ii7/  16".  Polition  26°  or 
li.  preceding;  the  two  largeft  almoft  equal.  Both  1% 
Diftance  with  278,  29"  2y///.  Polition  570  12'  n.  fol- 
lowing. In  the  fextuple  or  f.  following  fet,  the  two 
largeft  pretty  unequal.  Both  r.  Diftance  with  278* 
19"  20x//.  Polition  2 70  36'  f.  preceding.  All  the 
other  ftars  are  as  ftnall  as  the  fmalleft  of  the  quadruple 
fet,  and  fome  of  them  much  fmaller. 

$14.  Fl.  i6am  Monocerotis  praecedens  ad  boream. 

Jan.  23,  Double.  About  j f degree  n.  preceding  the  1 6th. 
x 7 8 4 „ 
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fouit-h  class  of  double  stars. 

IV.  45.  In  pedtoris  crate  Orion  is. 

Dec.  27,  Double.  About  f degree  following  tj/,  towards  n 

1781.  Orioms.  Extremely  unequal.  L.  pr. ; S.  dr.  Dif- 
tance  with  278,  20"  3".  Poiition  6z°  24 ! f.  fol- 
lowing. 

46.  Fl.  21  ::  Geminorum 

Dec.  27,  Double.  A little  unequal.  Both  pr.  Diftance 

1781.  about  25",  Poiition 

47.  Fl.  3 Leonis. 

Feb.  2,  Double.  Exceffively  unequal.  L.  r. ; S.  d.  ; not 

1782.  viiible  with  227.  Diftance  eftimated  with  460,  about 
24".  Poiition  a little  n.  following.  A third  ftar  in 
view.  Diftance  perhaps  2' . Poiition  about  1 50  L fol- 

• 

48.  H (Fl.  iatn)  Geminorum  praecedens  ad  boream. 

Feb.  6,  Quintuple.  In  the  form  of  a crofs.  About  f degree 

1782.  n.  preceding  H Geminorum,  in  a line  parallel  to  the 
65th  Orionis  and  ^Tauri;  the  middle  of  three.  The 
two  neareft  or  preceding  of  the  five  extremely  unequal. 
Diftance  20"  $y'/; . Poiition  j°  2 y'  f.  preceding.  The 
laft  of  the  three,  in  the  ihort  bar  of  the  crofs,  has  an 
exceffively  obfcure  ftar  near  it  of  the  third  clafs.  Five 
more  in  view,  differently  difperfed  about  the  quintuple. 

* The  21ft  and  20th.  Geminorum  are  not  in  the  heavens  as  they  are  marked  in 

Flamsteed's  Atlas,  fo  that  it  becomes  doubtful  whether  the  N°  21.  is  right. 
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IV.  49.  | (F L.  4am)  Virginis  fequens  adboreatn. 

Feb.  6,  Double.  1 full  degree  n.  following  | Virginis,  in  a 
1782.  line  parallel  to  < and  [3  Leonis.  A little  unequal.  L. 
pr.  ; S.  dr.  Didance  27"  2W".  Polition  56°  30"  f. 
preceding. 

50.  Fl.  17  Virginis.  In  peflore. 

Feb.  6,  Double.  Confiderably  unequal.  L.  w. ; S.  biuifh. 
1782.  Didance  20//  g/l/.  Pofition  58°  21'  n.  preceding. 

51.  k Virginis  Fl.  44  ::  +•  In  ala  audrina. 

Feb.  6,  Double.  A Far  fouth  of  three  forming  an  arch,  and 
1782.  of  the  fame  magnitude  with  the  middle  one  of  the  arch. 
Extremely  unequal.  L.  w. ; S.  db.  Didance  22'/ 
inaccurate.  Pofition  320  30'  n.  following. 

52.  * ; Cancri.  Fl.  48.  In  boreali  forfice. 

Feb.  8,  Double.  Confiderably  unequal.  L.  rw. ; S.  d.  gar- 
2782.  net.  Didance  29"  54/7/.  Pofition  39°  54'  n.  preceding; 
a little  inaccurate. 

33.  it  Geminorum.  Fl.  80.  Supra  capita, 

Feb.  9,  Double.  Excefilvely  unequal.  L.  garnet ; S.  d. 
1782.  Didance  with  460,  21"  3o/7/.  Pofition 
Other  very  fmall  dars  in  view. 

54.  <>  (Fl.  4am)  Hydrre  fequens. 

Feb.  11,  Double.  About  \ degree  following  towards 
1782.  Hydrte.  Pretty  unequal.  Both  pr.  S.  deeper.  Dif- 
tance 25"  43///.  Pofition  590  24'  n,  following. 

55.  Fl.  4iam  Lyncis  fequens.  In  caudasfine. 

Mar.  5,  Double.  About  3I  minutes  n.  following  the  41  d 
2782.  Lyncis.  Extremely  unequal.  L.  r. ; S.  dr.  Didance 
I5//  5z///»  a httle  inaccurate.  Pofition  50°  48"  n. 
preceding  j inaccurate. 

t Perhaps  the  45th  3 requires  fixed  jnftraments  to  determine, 
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IV.  56.  Fl.  i 8 Librae. 

April  3,  Double.  The  following  of  two.  Extremely  une- 

1782.  qual.  L.  r.  ; S.  b.  Diflance  17"  5y///.  Pofition 
440  45 / n.  following. 

57.  Fl.  42am  Comae  Berenices  fequens  ad  aufirum. 

April  15,  Double,  About  3 degrees  f.  following  the  43d  Corns 

1782.  Berenices  towards  v Bootis ; the  vertex  of  an  ifofcele& 
triangle.  Extremely  unequal.  Diflance  with  625* 
i6//  42a//.  Pofition  46°  31 / C preceding. 

58.  Fl.  36  am  Corns  Berenices  praecedens  ad  boream. 

April  18,  A pretty  double  liar.  About  z\  degrees  n.  preceding 

178 2.  the  36th,  in  a line  parallel  to  the  42d  and  15th  Corns 
Berenices ; the  following  of  two  unequal  Ears.  A little 
unequal.  Both  rw.  Diflance  15"  52x//.  Pofition 
67°  57'’  f.  preceding. 

59.  Prope  « Lyrae, 

May  12,  Double.  About  2 or  3 minutes  f.  preceding  a.  Lyra?. 
*782.  Very  unequal.  Bothd.  Diftance  with  278,  22"  2o//C 
Pofition  330  57/  n.  preceding.  Pofition  of  the  larged: 
with  regard  to  » Lyra?  590  12'  f.  preceding. 

60.  Fl.  4am  Urfaemajoris  fequens  ad  boream. 

June 6,  Double.  1 Near  1 degree  n following  the  4th,  in  a 

1782.  line  parallel  to  0 and  h Urfae  majoris ; a pretty  large 
ftar.  Extremely  unequal.  L.  r. ; S.  d.  Diftance 
near  30" ; but  too  obfcure  for  meafures. 
di.  f (Fl.  7s)  Coronas  auftralior  et  prascedens. 

July  18,  Double.  Near  § degree  f.  preceding  towards  % 

5782.  Coronae  bor.  Nearly  equal.  Both  pr.  Diftanco 

i6x/  46V.  Pofition  40  5/  n.  following. 
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IV.  62,  r (Fl.  2 25)  Herculis  auftralior  et  fequens. 

Aug.  11,  Double.  About  2 § degrees  f.  following  r Herculis, 
1782.  in  a line  parallel  to  1 and  y Draconis ; a confiderable 
ftar.  Very  or  extremely  unequal.  L,  w. ; S.  br. 
Diftance  1677  5i777.  Pofition  720  1 57  f.  preceding. 

63.  Fl.  42  Herculis.  Dextrum  fupra  genu. 

Aug.  ii,  Double.  Very  unequal.  F.  r. ; S.  rw.  Diftance 
1782.  2 1 77  31777.  Pofition  30  42x  f.  following. 

64.  Prope  q (Fl.  I2am)  Perfei. 

Aug.  20,  Double.  Within  a few  minutes  of  ^Perfei.  Pretty 
1782.  unequal.  Both  pr. ; but  S.  a little  darker.  Diftance 
2ft7  59//7.  Pofition  570  57'  f.  preceding. 

65.  Prope  Fl.  3am  Caftiopeiae. 

Aug.  25,  Double.  Within  10  minutes  of  the  3d  Caftiopei^. 
1782.  Very  unequal.  L.  pr. ; S.  r.  Diftance  20"  4b777  ; 
very  inaccurate.  Pohtion  41 0 127  f.  following. 

66.  6 (F l.  33am)  Caffiopeias  praecedens. 

Aug.  28,  Double.  About  1 f degree  f.  of,  and  a little  pre- 
1782.  ceding  0,  in  a line  from  S continued  through  Q Caffio- 
peiae.  Extremely  unequal.  L.  r. ; S.  db.  Diftance 
2 477  2 77/;  very  inaccurate.  Pofition  130  12.  n.  fol- 
lowing ; inaccurate. 

67.  t Fl.  40  et  41  Draconis. 

Aug.  29,  Double.  A little  unequal.  L.  rw. ; S.  pr.  Dif- 
ij%2.  tance  207  39777  mean  meafure;  very  accurate.  Pofition 
35°  I5/  preceding  *.  There  is  a third,  much  fmaller 
ftar.  Diftance  3'  i67/  33 7/7 . Pofition  about  30°  f. 

z' 

following . 

* The  proper  motion  of  one  of  thefe  ftars  at  leaft  fince  the  time  of  Flam- 
steed is  evident,  as  he  gives  us  their  difference  in  PR.  2',  and  in  PD  g 5 '•  Por- 
tion ft  preceding.  Hence  we  have  the  hypotenufe  or  diftance  above  3'  40", 
inftead  of  20"  39'" ; and  the  angle  86°  17'  inftead  of  350  15b 
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IV.  68.  Fl.  77  Pifcium.  In  lini  flexu. 

Sept.  3,  Double.  A little  unequal.  L.  wr.  ; S.  pr.  Dif- 

1782.  tance  29^  ^6///.  Pofition  40  48''  n.  following.  In  both 
meafures  the  weather  too  windv  for  accuracy. 

69.  Fl.  2fm  Andromedae  prascedens. 

Sept.  4,  Double.  Full  1 1 degree  preceding  the  23d,  in  a line 

1782.  parallel  to  v and  1 Andromeda.  Of  two  double  liars 
in  the  finder  the  largell  of  the  preceding  fet.  Very 
unequal.  L.  r.  ; S.  d.  Difiance  with  278,  21"  5S///. 
Polition  yo°  36^  n.  preceding. 

70.  Fl.  51  Pifcium.  In  audrino  lino. 

Sept.  4,  Double.  Very  unequal.  L.  rw. ; S.  d.  Didance 

1782.  with  278,  22"  if".  Polition  o°  36"  n.  following. 

71.  * 0 Capricorni.  Fl.  12.  Trium  in  roftro  audrina. 

Sept.  5,  Double,  Pretty  unequal.  Both  rw.  Didance  23" 

1782.  30//x.  Pofition  3 o°  45' f.  preceding. 

72.  Fl.  55s  Perfei borealior. 

Sept.  7,  Double.  About  J degree  n.  of  the  55th  Perfei ; of 

1782.  three  in  a line  the  mod  north.  Pretty  unequal.  L.. 
rw. ; S.  pr.  Didance  with  278,  16"  5P".  Pofition 
2 70  24.'  n.  following. 

73.  In  Condellatione  Camelopardali. 

Sept.  7,  Double.  Between  Fl,  2 and  8 Cam, ; the  dualled; 

1782.  of  two  that  are  within  | degree  of  each  other.  Cond- 
derably  unequal.  Didance  19"  32"'.  Pofition  85°  of 
f.  preceding. 

74.  <5“  (Fl.  684m)  Taurifequens  ad  boream. 

Sept.  7,  Double.  Near  \ degree  11 .,  following  towards^ 

1782.  Tauri.  Very  unequal.  L.  pr. ; S.  r.  Didance  16" 
3.1 Pofition  2 5°  45/  n,  following. 
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IV.  75.  r (Fl.  66am)  Tauri  fequeris. 

Sept.  7,  Double.  About  1 1 degree  n.  following  r,  in  a line 
1782.  parallel  to  ^ Tauri  and  the  9th  Orionis.  Very  une- 
qual. L.  r. ; S.  dr.  Dill  ante  22/;  * Polition 

6i°  36'  f.  following*. 

<76.  Fn.  13*““  Ceti  praecedens  ad  auftrum. 

Sept.  9,  Double.  About  1 degree  f.  preceding  the  13th., 
1782.  towards  the  8th  Ceti.  Conliderably  unequal.  L.  rw. ; 
S.  br.  Distance  with  278,  i8/?  gto" m Polition  40°  24' 
11.  following. 

77.  Fl.  37*  Ceti  borealior.  In  dorfb. 

Sept.  22,  Double.  About  J degree  11.  preceding  the  37th, 
1782.  towards  the  36th  Ceti.  Very  unequal.  L.  r. ; S.  dr. 
Diftance  19"  677/.  Polition  63°  247n.  preceding. 

78.  ^ (Fl.  3am)  Cephei  praecedens. 

Sept.  27,  Double.  About  1 1 degree  preceding  in  a line 
*782.  from  s continued  through  tj  Cephei.  Very  unequal. 
L.  r. ; S.  d.  Diftance  it)"  3: 2 77/.  Pofition  40°  3b7  n. 
following. 

79.  p Cephei.  Fl.  13.  Ad  coronam. 

Sept.  27,  Double.  A little  unequal.  L.  w. ; S.  rw.  Dif- 
1782.  tance  21"  3777.  Polition  770  q87  f.  preceding. 

80.  (Fl.  2s)  Canis  majoris  borealior. 

Sept.  30,  Double.  About  if  degree  n.  of  j3  Canis  majoris 
11782.  towards  the  nth  Monocerotis ; the  mold  n.  of  two. 
Conliderably  unequal.  Diftance  i77/  5 9 777  ; difficult 
to  take,  and  perhaps  a little  inaccurate.  Pofition  z°  24' 
n.  following. 

81.  v Canis  majoris.  Fl.  6.  In  dextro  genu. 

Sept.  30,  Double.  Conliderably  unequal.  L.  rw. ; S.  pr.  Dift, 
1782.  i 877  19777.  Pofition  very  near  direftly  preceding. 
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IV.,  82.  Prope  Fl,  i6,m  Cephei.  In  cingulo. 

Sept.  30,  Double.  Above  i degree  following  the  t-6*h  Cephei* 

1782.  in  a line  parallel  to  (3  and  * Cadiopeire.  Confiderably 
unequal.  L.  orange.  S.  r.  Didance -2&'/  5 ,v/,  Po(jk 
tion  790  i8/  n.  preceding. 

83.  Fl.  26  Ceti.  Supra  dorfu-m. 

Oft.  2,  Double.  Very  unequal.  L.  rw.  S.  db.  Didan-ee 

1782.  1-7 " 27//  mean  meafure.  Pofition  14A36'  f.  preceding. 

84.  m Orionis.  FL.23  In  crate  pedtoris 

Oft.  2,  Double.  Confiderably  unequal.  L.  w. ; S.  prv 

1782*  Didance  with  278,  26"  $,///,.  Pofition  59°  33"  n.  fol- 
lowing. 

85.  Fl.  ultima  Dacertae. 

Oft.  4,  Treble.  The  two  neared  extremely  unequal.  L.;- 

1782.  rw. ; S.  d.  Didance  2,0"  2^' \ Pofition  790  23'  n, 
preceding.  The  next  very  unequal;  S.  r.  Distance 
54x/  57/// ; inaccurate..  Pofition  440  24'  n,  following,, 
A fourth  and  fifth  flair  in  view.. 

86.  Fl.  8 Laeertae.  In  media  eauda. 

Oft.  4,  Quadruple.  The  two  larged  and  neared  a little  one-? 

5782.  qual.  Both  rw.  Didance  17"  i4w.  Pofition  84® 
3©/  fi  preceding.  The  two  next  very  unequal,  of  the 
fourth  clafs.  The  two  remaining  confiderably  unequal, 
of  the  fifth  clafs.  They  form  an  arch. 

87.  e (Fl,  29*™)  Orionis  prascedens.  In  finidro  calcaneo. 

Oft.  4,  Double.  About  1 degree  preceding  e,  in  a line  pa- 

1782,  rallel  to  <r  Orionis  and  h Eridani  nearly.  Confiderably 
unequal.  Both  pr.  Didance  29"  18  Pofition  82° 

5 S'  n.  following® 
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IV.  8-8.  Ft..  7 Tauri.  In  dorfo. 

Oft.  9;  Double.  Very  unequal.  L.  pr. ; S.  dr.  Distance 

1782.  i9//50///.  Petition  230  1 5' n.  following. 

89.  E telefcopicis  eaudam  Arietis  fequentibus. 

Oft  9,  Double.  The  vertex  of  an  ifofceles  triangle  follow- 

1782.  ing  r Arietis  ; a very  frxiall  ftar.  Very  unequal.  L. 
r. ; S.  d.  Diftance  with  278,  20"  Pofition 

62°  o'  f.  following. 

90.  .Ad  Fl.  i8am  Urfas  minoris.  Prope  edu&ionem  caudas. 

Oft.  12,  Double.  The  largeft  of  fix  or  feven  ftars,  and  moft: 

1782.  foyth  of  a triangle  formed  by  three  of  them.  A little 
unequal.  L.  pr.  ; S.  deeper  pr.  Diftance  26"  24///* 
Pofition  30  1 z'  11.  following. 

91.  Fl.  2 Navis. 

Oft.  12,  A pretty  double  ftar.  A little  unequal.  L..  w. ; 

1782.  w.  inclining  to  r.  Diftance  17"  23"'.  Pofition  69° 
12'  n.  preceding. 

92.  ]S  inter  et  f Delphi ni. 

Oft.  17,  Treble.  Between  f2  and  but  nearer  to  (2  Dolphin i. 

5.782.  All  three  nearly  equal.  All  wr.  Diftance  of  the  two 
neareft  with  278,  21"  Pofition  180  27'  11.  pre-* 

ceding. 

93.  £ (Fl.  4aw)  Lyras  fequens. 

Oft.  19,  Double.  About  3 degrees  following  e,  in  aline  pa- 

3782.  rallel  to  u and  & Lyras ; the  largeft  of  two.  Extremely 
unequal.  L.  w. ; S.  r.  Diftance  19"  $0"'*  Pofition 
2 40  o'  f.  preceding. 

94.  E borealibus  telefcopicis  (2  Lyras  praccedentibus. 

oft.  19,  Double.  Full  2 degrees  n.  preceding  [2  Lyras,  in  a 

1782.  line  parallel  to  the  18th  and  g ; the  fixth  telefcopic  ftar. 

Confiderably 
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IV.  Considerably  unequal.  L.  fw. ; S.  pr.  Didance  22  f 
53'".  Pofition  50  24'  n.  following. 

pp,  Fl.  25*m  Monocerotis  praecedens. 

O a.  i9,  Quadruple.  About  2|  degrees  preceding,  and  a little 
1 782.  n*  of  the  15th  Monocerotis.  Two  large  dars  always  to 
be  feen,  and  two  more  only  vifible  in  dark  nights.  The-, 
neared  which  is  that  to  the  fmalled  of  the  two  large; 
ones,  extremely  unequal.  Didance  20y/  2f]' Posi- 
tion following. 

p6.  Fl-.  25am  Monocerotis  fequens.  In  latere* 
oa.  i9j  Double.  About  1 1 11.  following  the  25th,  in  a line 
1782*  parallel  to  the  21ft  Monocerotis  and  Procyon.  A little 
Unequal.  Both  dr.  Diftance  i8/7  if'*  Polition 
240  o''  fi  preceding. 

97.  Fl.  29  Monocerotis*  In  femore. 

oa.  19,  Double.  Extremely  unequal.  L.  wr. ; S.  d.  Dif- 
1782.  tailce  if'  54//V.  Polition  150  1 2'  f.  following.  Six 
more  in  view. 

98.  a (Fl.  58am)  Orionis  ad  audrum  praeiens. 

oa.  a9,  Double.  About  f degree  preceding  «,  towards  g 
1782.  Orionis.  Equal.  Both  r.  Didance  1 7"  ; a little 

inaccurate. 

99.  Duarum  telefcopicarum  d Sagittae  ad  audrum  fequentiunx 
borea. 

Nov.  6,  Treble.  Of  a trapezium,  confiding  of  this  treble 
3782.  dar,  £ and  the  9th  Sagittae,  it  is  the  corner  oppofite 
to  the  neared  to  f of  two.  The  two  neared  very 
Unequal.  L.  pr.  | S.  db.  Didance  21"  22'";  inac- 
curate. Polition  o°  o'  following.  The  two  larged  a 
little  unequal  5 of  the  fifth  clafs*  Polition  io°  36''  f. 
preceding. 
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IV.  ico.  % Sagittae  Ft,  13.  Infra  mediam'cumridinem. 

Nov.  6,  Treble.  The  large  ft  of  three.  The  two  neared 

178?..  equal.  Both  r.  Diftance  23"  z'".  Pofition  1 o°  1 zfi,  ft 
preceding.  The  third  is  a large  Far.  Diftance  above 
1 minute.  Petition  about  io°  or  15°  11.  preceding  the 
other  two. 

lot.  <p  (Fl.  24*)  Aurigae  boreaiior  et  praecedens. 

Nov. 6,  Double..  Near  | degree  n.  preceding  <p,  in  a line 

■17S2.  parallel  to  the  2 1 ft  and  8th  Auriga^.  Pretty  unequal. 
L.  rw.  S.  Fluid . Diftance  &§"  zg//(/..  Pofition 
7 6°.  of  n.  preceding. 

102.  Fl.  59  Auriga. 

Nov.  6,  Double.  The  apex  of  an  ilofceles  triangle.  Very 

1782.  or  extremely  unequal.  D.  rw.  ; S.  Diftance: 

23"  jo///.  Political  50°  2!  £ preceding. 

103.  Fl.  7 7am  Draconis  fequitur. 

Nov.  13,  Double.  Near  % degree  following  the  77th  Dra- 

1782.  conis,  in  a line  parallel  to  k Cephei  and  the  76th  Dra- 
conis nearly  ; of  a reflangular  triangle  the  leg  nearelt 
the  77th.  Very  unequal.  L.  r.  ; S.  bluifti  r.  DiF 
> tance-  22"  35///*  Pofition  450  48'  n.  following.  i 

104.  Inter  y et  55am  Andromedae. 

Nov.  13,  Double.  A little  more  than  1 degree  n.  following 

1782.  the  55th  Andromedae,  ill  a line  parallel  to  # Trianguli 
and  Algol.  Confiderably  unequal.  L.  r. ; S*  d.  Dis- 
tance with  278,  18"  577/h  Pofition  220  33'  n.  foF 
lowing. 

105.  TCorvi.  Fl,  7.  Duarum  in  ala  fequente  praecedens. 

Nov.  13,  Double.  Extremely  unequal.  L.  w. ; S.  r..1  DiF 

1782.  tance  23"  3c/".  Pofition  540  o'  f,  preceding. 
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IV.  io 6.  u (Fl.  50am)  Urfie  majoris  fequens  ad  boream. 

Nov.  x7,  Double.  About.  i|  degree  n.  following  in  a line 
1782.  parallel  to  ft  Urfa2  et  y.  Draconis ; the  lafi  of  three  in  a 
row..  Extremely  unequal.  Both  r.  Difiance  i8/7 
55///;  very  inaccurate.  Pofition  440  33'  f.  following. 
A third  {mall  Bar  in  view. 

107.  Fl.  79s  Pegaii  aufiralior  et  praecedens. 

Nov.  2o*  Double.  About  £ degree  f.  preceding  the  79th, 
3782.  towards  r Pegafi ; at  the  center  of  a trefoil.  Very' 
unequal.  L.  r. ; S.  d,  Difiance  with  278,  26 7 12SD 
Pofition  5a0  21'  n.  following. 

.108.  Fl.  69*  Urfie  raajork  aufiralior. 

Nov.  20,  Double.  Near  2 degrees  f.  of  the  69th,  towards 
1782..  the  6$dVrf&  majoris.  A very  little  unequal.  Both  r... 
Diftance  1 9"  i5//A;  very  inaccurate.  Pofition  i.q°  12?' 
n.  following. 

109.  Fl.  62  Tauri, 

Nov.  25,  Double.  Conliderably  unequal.  L.  w.  ;■  S.  rv,  Dif* 
,1782.  tance  28"  5'".  Pofition  2i°  1 2'  n.  preceding, 
no,  jQ  (Fl.  112s)  Tauri  borealior  et  fequens. 

Dec.  24,  Double.  About  i|  degree  n.  following  @ Tauri* 
1782.  towards  0 Aurigas ; the  fecond  in  that  direction.  Very 
unequal.  L.  r. ; S.  d.  Distance  i6//  i/7/.  Pofitioii 
74°  547  tu  preceding, 
in.  Fl.  54  Cancri. 

Dee.  28,  Double.  A little  unequal.  Both  rw.  S.  a little 
1782.  darker.  Difiance  17"  14"'..  Pofition  290  o'  f.  fol 

* . » ■ 

si 2^  7 (Fl.  i5am)  Crateris  fequens  ad  boream. 

Jan.  1,  Double.  About  x degreen,  following  7 Crater!  in 
*783.  a line  parallel  to  ^ Corvi  and  Spica*  Equal.  Both  pr. 

Difiance 
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D.  Diitance  26"  1 5/7/ ; too  low  for  accuracy.  Poiltloit 
58°  42'  11.  preceding  or  f.  following. 

1 1 3.  Pl.  6 i3  Cygni  borealior  et  praecedens. 

Tan.  6,  Double.  About  i f degree  n.  preceding  the  61  ft,  in. 
1783.  a lino  parallel  to  v and  a Cygni.  Very  or  extremely 
unequal.  L.  r.  ;S.db.  Diftailce  with  278*  1 7"  30'"^ 
'Pofitipn  28°  24'  n.  preceding.  A third  ftar  in  view. 

114.  t (Fl.  123)  Virginis  auftralior. 

Jan.  8,  Double.  About  if  degree  f.  of  t Virginis.  Very 
1783.  unequal.  L.  pc. ; S.  d.  Diftance  23"  %i"\  Pofition 
1 50  54'  n.  preceding. 

1 15.  <p  (Fl.  i iaftl)  Herculis  praecedens  ad  auftrtim. 

jan.  io»  Double.  About  2|  degrees  f.  of,  and  a little  pre- 
1783.  ceding  in  a line  parallel  to  ^ and  f Herculis  ; the 
larged:  of  three  or  four.  Extremely  unequal.  JL.  r. ; 
S.  b.  Diftance  20"  54/7/.  Pofition  43°  48'  n.  fol- 
lowing. 

1 1 6 *.  Fl.  83am  Pegafi  fequens  ad  boream. 

Jan.  13,  Double.  Equal.  Both  w.  Diftance  2 8"  5 /A 
1783.  Pofition  68°  2i/.  Mr.  G,  Mayer,  in  1777,  fettled  its 
place  FRoh.  $2'  53"  in  time,  and  20°  17'  53"  in  de* 
clination  N. 

1 1 7.  Fl.  42s  Eridani  auftralior.  . 

Jan.  31,  Double.  About  1 £ degree  f.  of  the  42d  Eridani,  In 
1783.  a line  parallel  to  Rigel  and  ^ Leporis;  the  moft  fouth 
and  following  of  three*  Very  unequal.  L.  r. ; S.  u 
Diftance  it)"  ^z'".  Pofition  31°  48'  f.  preceding. 
ti8.  1 (Fl.  48atn)  Cancri  fequens* 

Feb.  5,  Double.  Full  | degree  following  the  48th,  in  a lino 
1 783.  parallel  to  I Cancri  and  t Leonis;  a very  imall  ftar, 
next  to  two  more  which  are  nearer  to  u A little  une- 

7 qual. 
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IV.  qual.  Difiance  24"  6'".  Portion  about  25®  n,  fol- 

1 19.  1 (Fl.  68*“)  Virginia  praecedens  ad  aufirum. 

Feb.  7,  Double.  About  1 degree  f.  preceding  the  68th,  in  a 

1783.  line  parallel  to  the  99th  and  Virginis.  Extremely 
unequal.  Diftance  21"  49 //7.  Pofition  36°  54'  n. 
preceding. 

120.  Fl.  82am  Pifcium  fequens  ad  boream. 

Feb.  27,  Double.  About  f degree  n.  following  the  82d  Pif- 

1783.  cium,  in  a line  parallel  to  # and  (3  Trianguli ; the 
largefh  of  two.  Confiderably  unequal.  L.  rw. ; S pr. 
Difiance  18"  19'".  Pofition  2 1°  o'  f.  preceding.  A 
third  liar  in  view. 


1 2 1.  <r  Scorpii  Fl.  20.  prascedens  trium  iucidarumin  corpore. 
Mar.  I,  Double.  Very  unequal.  L.  whitilh ; S.  r.  Difi* 
1783.  tance  21  "4c/".  Pofition  o°  o'  (or  perhaps  i°)  n.  pre* 

ceding. 

122.  Fl..  32s  Ophiuchi  borealioret  praecedens. 


Mar.  7,  Double.  Near  1 degree  n.  of,  and  a little  preceding 
1783.  the  3 2d  Ophiuchi,  in  a line  parallel  to  05  and  % Herculis. 
Very  unequal.  Difiance  21"  f",  Pofition  2 50  3 f, 
preceding. 

123.  Fl.  19  Ophiuchi. 

Mar,  g,  Double.  The  moft  fbuth  of  two.  Very  unequal- 
1783.  L.  pr.|  S.  d.  Difiance  zo'f  if".  Pofition  30  f f. 
following. 

124.  (Fl.  4am)  Ophiuchi  praecedens  ad  aufirum. 

Mar.  24,  Double.  About  | degree  preceding  and  a little  £ of  if/, 
1783.  in  & line  parallel  to  if'  Ophiuchi  and  ea  Scorpii;  in  the 
hafe  of  a triangle,  the  nearefi  to  ij/,  A little  unequal. 
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, ( 2 54"  11.  following. 

'125.  Fl.  29  Camelopardali. 

April  2,  Double.  Very  unequal.-  L.  pr. ; S.  d.  DiBance 
7 8 3 • 2 27/  2.6/7/;  very  inaccurate,  Pofitioa  47°  36b  £ fol- 
lowing; a little  inaccurate, 

•1  26.  A (Fl.  2 2a)  Cephei  borealior  et  praecedens. 

April  20,  Double.  Lefs  than  f degree  n,  preceding  A,  in  a 

1733.  line  almoB  parallel  to  $ and  f Cephei;  a confiderable 
Bar.  A little  unequal.  Both  dvv.  DiBance  1877  5a777. 
Pofition  45°  397  n.  preceding. 

1274.  A (Fl.  i6am)  Aquilae  fequens  ad  boream. 

May  21,  Double.  About  2|  degrees  n.  following  the  fartheB 

1783.  of  two  which  are  about  if  degree  from  A,  in  a line 
parallel  to  A and  <5  Aquilae.  Very  unequal.  L.  rw. ; 
S.  dr.  DiBance  1777  14777;  more  exa<B  with  932,  15" 
52/7/.  Pofition  69°  54b  n.  preceding.  Mr.  Pigott„ 
who  favoured  me  with  it,  gives  its  place  JK  18“ 
!$2/i  rh,  Declination  i°  o7  S. 

128.  y (Fl.  5yam)  Andromedae  praecedens  ad  auBrum. 

July  28,  Double.  About  if  degree  f.  preceding  y almoB 

1783,  towards  ,jS  Andromeda? ; more  exaft  towards  cr  Pifcium ; 
one  not  in  a row  of  Bars  which  are  near  that  place. 
Considerably  unequal.  L.  pr. ; S.  dr.  DiBance  1 5" 
4277b  Pofition  240  127  n.  following. 

129.  Fl,  59  Andromedae.  ; ^ 

July  28,  Double.  A little  unequal.  L.  rw. ; S.  pr.  Dif- 

2783.  tance  15 77  1 5777.  Pofition  550  9'  n.  following,  A third 
Bar  in  view  about  58°  or  6o°  £ preceding. 
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IV.  130.  , (F l.  pp5)  Pifcium  borealior  et  fequens. 

Aug.  2,  Double.  About  if  degree  n.  of,  and  a little  fol- 
jySs-  lowing  7}  Pifcium,  in  aline  parallel  to  (3  Arietis  and  f3 
Trianguli;  the  laft  of  four  in  a crooked  row.  Very 
unequal.  L.  r. ; S.  darker  r.  Pittance  with  278, 
15"  49//;.  Pofition  62°  15'  n.  following. 

131.  Fl.  1 00  Pifcium. 

Aug.  2,  Double.  Pretty  unequal.  L.  pr. ; S.  r.  Dittance 
,733.  1.5"  52-  Pofition  50  o'  n.  following. 

132.  Fl.  46am  Aquilae  fequens  ad  boream. 

Aug.  6,  Double.  About  f degree  n.  following  46  Aquilae,  in 
I783.  a line  parallel  to  » and  y Sagittae.  Very  unequal. 
L.  r. ; S.  db.  Dittance  22"  44//x.  Pofition  41°  24' 
n.  preceding. 


FIFTH  CLASS  OF  DOUBLE  STARS. 

V.  52.  Secunda  a v Geminorum  /a  verfus. 

Dec.  27,  Double.  The  fecond  ftar  from  v towards  p Gemino- 
,781.  rum.  Pretty  unequal.  L.  r. ; S.  b.  Dittance  2>$"  * 
inaccurate. 

53.  p Geminorum.  Fl.  63.  In  inguine  fequentis  If1. 

Dec.  27,  Double.  The  brighteft  of  two.  Extremely  une- 

1781.  qual.  L.  pr. ; S.  d.  Dittance  44  15  • 

54.  9 Hydrae.  Fl.  22.  Duarum  in  edu&ione  cervicis  fequens. 
Jan.  20,  Double.  Exceffively  unequal.  L.  w. ; S.  a point, 

1782.  Dittance  near  1 minute,  too  obfcure  for  meaiures,  and 
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not  viiible  till  after  having  looked  a good  while  at 
Pofition  about  75°  f.  following. 

55.  Ad  Fl.  1 2atn  Geminorum.  In  pede  J[l  praecedentis  finidro. 
jan.  30,  Treble.  A fmall  ftar  near  the  place  of  the  12th 
1782.  Geminorum.  The  two  neared:  a little  unequal.  Dif- 

ta-nce  lefs  than  i/. 

56.  Fl.  15  Geminorum.  Dextrum  prioris  iff1  pedem  attingens. 
Jan.  30,  Double.  Confiderably  or  very  unequal.  L.  r. ; S.  d. 
i7$2.  Didance  32"  g)<)/// . Pofition  near  6o°  f.  preceding. 

57.  Fl.  Orionis  borealior  et  fequens.  In  exuviarum 
fummo, 

let).  4,  Treble.  More  than  1 degree  n.  following  the  9th 
1782.  Orionis,  towards  the  1 13th  Tauri ; the  larged  of  two. 
The  two  neared  confiderably  unequal.  L.  rw. ; S.  rw. 
Didance  with  278,  36'"'  26'".  Pofition  330  36k  The; 
farthed  very  unequal.  S.  r.  Didance  Vth  Clafs*  Po- 
dtion  following. 

58.  Fl.  7 Leonis.  Supra  pedem  borealem  anteriorem. 

Feb.  4,  Double.  Very  unequal.  L,  rw. ; S..r.  Didance 
1782.  42"  25//7.  Pofition  8°  36"  n.  following. 

59.  $ Cancri.  Fl.  31.  In  quadrilatero  circa  Nubem. 

Feb.  6,  Double.  Extremely  unequal.  L.  r. ; S.  d.  Dif- 
x 782.  tance  44"  $2///.  Pofition  n.  following. 

60.  0 (Fl.  95am)  Leonis  praecedens  r ad  caudam. 

Feb.  9,  Double.  Near  £ degree  f.  preceding  the  95th,  in  a 
3782.  line  parallel  to  j3  and  ^ Leonis.  Very  unequal.  L.  rw. ; 
S.  d.  Didance  37"  1 5"'.  Pofition  70°  48"  n.  fol- 
lowing. 

61.  Fl.  81  Leonis.  In  clune. 

Feb.  9,  Double.  Extremely  unequal.  L.  rw. ; S.  r.  Dif- 
1.782,  tance  . Pofition 


62. 


of  Double  Stars.  107 

V,  62.  Fl,  57  Leon  is.  E poderiores  pedes  praecedentibus. 

Feb.  11,  1782.  Double.  Very  unequal.  Didance  33"  1 6"\ 

63.  Fl.  25  Leonis.  I11  infimo  pedtore. 

Feb.  17,  Double.  The  larged  of  two.  Extremely  unequal. 
1782.  L.  pr.  ; S.  d.  Diftauce  52"  467//.  Pofition 

6 4.  Fl.  43*  Leonis  audralior.  Ad  fnidrum  anteriorem  c li- 
bitum. 

(Feb.  17,  Double.  Near  1 degree  f.  of  the  43d,  in  a line  pa- 
,1782.  railed  to  vj  and  u Leonis.  Extremely  unequal.  L.  w. 
inclining  to  r. ; S.  db.  Didance  59"  4o///.  Pofition 

65.  Secunda  ad  tt  Canis  majoris.  Fl.  17.  In  pedlore. 

Mar.  3,  Treble.  The  two  neared  very  unequal.  L.  rw. ; 
1782.  S.  r.  Didance  44"  52"'.  Pofition  64°  1 27  f.  following. 
The  two  farthed  very  or  extremely  unequal.  S.  r. 
Didance  Vth  Oafs.  Pofition  about  85°  f.  preceding. 
The  three  dars  form  a redtangle,  the  hypotenufe  of 
which  contains  the  larged  and  fmalled. 

66.  p (Fl.  63s)  Geminorum  borealior. 

Mar.  3,  Double.  About  £ degree  n,  of,  and  a little  pre- 
-1782.  ceding  p,  in  a line  parallel  to  u and  a Geminorum. 
Very  unequal.  L.  pr. ; S.  d.  Didance  34"  39"'. 
Poftion  i°  or  20  n.  preceding. 

67.  Pollucem  prope.  In  capite  fequentis  2fb 

Mar. 3,  Double.  Near  1 degreen,  following  0,  in  a line 
1782.  from  £ continued  through  0 Geminorum  nearly;  the 
farthed  and  fmalled  of  three.  Confiderably  unequal. 
L.  r. ; S.  dr.  Didance  47"  37'A 

68.  Fl.  75am  Leonis  prascedens  ad  boream. 

Mar.  5,  Treble.  One  of  two  n.  preceding  the  75th,  in  a 
•1782.  line. parallel  to  the  84th  and  59th  Leonis.  The  two 
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V.  neareft  very  unequal,  Diftance  54"  37"' The  far* 
theft  extremely  unequal. 

69.  Fl.  7 Leonis  minoris.  In  extremo  anteriore  pede. 

Mar.  12,  Double.  The  largeft  of  two.  Extremely  unequaL 
1782.  L.  pr. ; S.  r.  Diftance  58//  is'". 

70.  Fl.  2am  Bootls  pratcedensad  boream. 

April 5,  Double.  Near  3 degrees  n.  preceding  the  2d  Bootisr 
1782.  towards  the  43d  Comae  Ber. ; the  preceding  of  three  in 
a line  parallel  to  a and  y\  Bootis.  A little  unequal,. 
L.  r.  ; S.  darker  r.  Diftance  56"  56'".  Pofition  70  or 
f.  preceding. 

71.  Prope  y (Fl.  24am)  Geminorum. 

April -i 5,  Double.  Three  or  four  minutes  11.  preceding  y Ge- 
1782.  minorum.  Of  the  Vth  Clafs.  More  in  view. 

72.  w Herculis.  Fl.  360137.  In  fmiftro  Serpentarii  brachio. 
May  18,  Double.  A little  unequal.  L.  bluifh  w.  S.  reddifti 
1782.  w.  Diftance  59"  59'".  Pofition  36°  57'  f.  pre- 
ceding *. 

73.  r Urfse  majoris.  Fl.  14.  Duarum  in  collo  praecedens. 

June  n,  Double.  Extremely  unequal.  £#.  w. ; S.  d.  Dif- 
I782.  tance  54"  46"'.  Pofition  about  45°  n.  following. 

74.  S (Fl.  72s)  Serpentarii  borealior. 

June  16,  Double,  More  than  1 degree  n.  following  the  56th 
,782.  double  ftar  of  the  Hid  Clafs  ; nearly  in  a line  parallel  t& 
the62dand  72ft  Serpentarii,  Very  unequal.  L.  rw. ; 
S.  r.  Diftance  40"  54'".  Pofition  390  1 5' ; inaccurate. 

* One  of  thefe  ftars,  at  lead,  feems  to  have  changed  its  place  lince  the  time 
of  Flamsteed,  who  makes  their  difference  in  R.A.  45",  and  in  P.D.  1/  35A 
Pofition  f.  preceding;  hence  we  have  the  hypotenufe  or  diftance  above  I ' 45^* 
inffead  of  59'''  59'",  and  pofition  69°  46'  inftead  of  36°  57'. 
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V.  75-  e.  telefcopicis  e Coronas  borealis  fequentibus. 

July  i85  Double.  About  i degree  f.  following  e,  in  a line 
J732t  parallel  to  Q and  e Coronas ; the  preceding  of  three 
forming  an  arch.  Extremely  unequal.  L.  r.  ; S. 
darker  r.  Diftance  41"  I 2/A/.  Pofition  1 6°  o'  f.  fol- 
lowing. 

76.  j8  Aquarii.  Fl.  22..  In  fmiftro  humero. 
jtiiy  20,  Double..  Exeeflively  unequal.  L.  w. ; S.  d.  DiE 
1782.  tance  about  33"  i6///;,  very  inaccurate..  Pofition 

55°  48'. 

27  . (Fl,  43s)  Sagittarii  borealior  et  fequens. 

Aug.  4,  Double.  A few  minutes  n.  following  the  43d,  in  a 
1.782'.  line  parallel  to  0 and  Sagittarii the  neared;  of  two. 
Extremely  unequal-  L.  w. ; S.  d.  Diftance  with.  278,, 
36"  3'".  Pofition  78°  45'  f.  following- 

78.  f Sagittarii.  Fl.  38.  Trium  fuper  coftisfub  axilla* 

Aug.  4,  Double-  Extremely  unequal.  L.  r. ; S.  d.  Dif- 
1782.  tance  VthClafs.  Pofition  28°  6'  11.  preceding.  A 

third  ftar.  Diftance  about  four  times  as  far  as  the 
former.  Pofition  alfo  n-  preceding. 

79.  Fl.  9 ::  Caffiopeiae- 

Aug.  25,  Double.  Of  two  in  a line  parallel  to  /3  and  yr  that 
1782.  towards  y Caifiopeiie.  Very  unequal.  L.  w. ; $.  pr, 
Diftance  52:"  39'"-  Pofition  50°  36' n-preceding. 

80.  r Aquarii.  Fl.  69.  Duarum  in  dextra  tibia  borealior. 

Aug.  28,  Double.  Very  unequal.  L.  rw. ; S.  d.  Diftance 
1782.  36"  47///.  Pofition  1 90  54'  f.  following- 

81.  Fl.  35  ::  CaffiopeiEe.  In  fmiftro  crure. 

Aug.  285  Double.  Confiderably  unequal.  L.  rw.  ;•  S.  br- 
^82-  Diftance  42"  35"'*  Pofition  85°  12'  n.  following. 

V ; 82- 
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v (Fl,  2 5am)  Caffiopeiae  przecedens.  In  hniftra  manu. 
28,  Double.  Near  f degree: n.  preceding  r,  in  a line  pa* 
. 1 782,  r.allel  to  a and  [3  Caffiopeiee.  .Nearly  equal.  Both  pc* 
Diftance  43 /7  26"',  Pohtion  70  48' n.. following. 

8.3.  ,1}/  Calliopeise.  Fl..  3.6.  .Sub.pede  hniftro. 

Aug.  28,  Double.  Very  unequal.  L.  pr. ; S.  <r.  Diftance 
1782.  33'v  25/x/.  Portion  io°  i2/  f.  following. 

84.  FL..47,::  Cailiopeias.  Ex  obfeurioribus  infra  pedes. 

•Aug.  29,  Double.  The  largeft  of  three  forming  a- rectangular 
1782.  .triangle  on,  or  near,  the  place  of  the  47th  Caffiopeia?.  A 
little  unequal.  L.  rw.;  S.  pr.'  Diftan.ce  .50"  5 8 "ft 
. Petition  30  2, 3 7 11.  preceding. 

85.  ^ (Fl.  27s)  horealior  et  praecedens.  In  dextro  brachio. 

Aug.  29,  Double.  About  1 degree  n.  preceding  ^ Andromeda; 
1782.  0verfus.  Very  unequal.  L.  rw. ; S.  r.  Diftance  30 

5y777.  Pohtion  7 90  24/  n.  following. 

86.  Fl.  .12  Urhe  minoris. 


// 


■Sept,  4,  Treble.  Extremely  unequal.  All  three  r.  The 
.1782.  neareft  is  the  fmalleft.  Pohtion  fome  degrees  f.  follow- 
ing. The  fartheft  alfo  fouth,  but  more  following. 

87.  cr  Capricorni.  Fl.  7.  Sub  oculo  dextro. 

■ Sept. .5,  Double.  Very,  or  almoft  extremely  unequal.  L.  r. ; 

1782'.  S.  d.  bluifh.  Diftance  50 7/  y/7/.  Pohtion  85°  127  ft. 
following. 

88.  A (Fl.  1 5s)  Auriga?  borealior.  In  hniftra  manu. 

Sept.  5,  Double.  About  3'  or  q7  n.  following  the  15th  Au- 
,1782.  rigue.  Very  unequal.  Diftance  34"  15%  mean  mea- 
fure.  Pohtion  .54°  6'  ft  preceding* 
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V.  89.  Q Aurigae'.  Fl.  37,  In.  dextro carpo. 

Sept.  5,  Double.  Exceffively  unequal.  JL.  fine  w. ; S red- 

1782.  difh.  Diftance  with  460,  35"  i87//,  narrow  meafu re. 
Pofition  1 6°  o'n.  preceding.  A third  Ear  in  view. 

90.  v Auriga?.  Fl.  32.  In  dextri  brachii  ancone. 

Sept.  5,  Double.  Exceffively  unequal.  L.  orange  w. ; S.  r. 

1782.  Diidance  53/x  43/7/.  Pofition  61  ? 48:'  fi  preceding.  S, 
not  viiible  till  after  fome  minutes  attention. 

91.  /3  (Fl.  34s)  Auriga?  adjecla.  In  dextro  humero. 

Sept.  5,.  Double.  Near  I degree  f.  following  (3,  in  a line 

1782.  from  the  27th  continued  through  (3  Aurigae;  a confl- 
derable  fiar.  Very  or  extremely  unequal.  L.  pr. ; S.  . 
d.  Difiance  30"  f".  Pofition  (45°  6 7 n.  preceding. 

92.  FL«  33Arietis  borealior. . 

Sept.  10,  Double.  Full  f - degree  f.  following  the  3d  Arietis, 

1782.  in  a line  parallel  to  « Arietis  and  ACeti ; the  mofi  fouth 
of  two.  Equal.  Both  reddifh.  Difiance  5 V7  16777. 
Pofition  5 20  457  n.  preceding  or  f.  following. 

93.  Fl.  i03am  Herculis  fequens  ad  auftrum. 

Sept.  19,  Double.  About  i|  degree  f.  following  the  103d 

1782.  Herculis,  in  a line  parallel  to  the  ift  and  10th  Lyrre ; 
the  neareft  of  two.  Equal,  perhaps  the  following  the 
fmalleft.  Both  r.  Difiance  47"  46///.  Pofition  450 
427  f.  following. 

94.  Duarum  Fl.  3iam  Cephei  fequentium  aufirina.  . 

Sept.  30,  Double.'  About  f degree.  11.  of  the  3 1 fl:  Cephei, 

1782.  towards  ^ Polaris.  Pretty  unequal.  Bothpw  Difiance 
4 1"  4q///*  Pofition  45°  1 f f.  following, 

95.  Fl.  51  Aquarii,  In  dextro  cubito. 

Oft.  2,  Double.  Exceffively  unequal.  E.  rw- ; S.  d.  . DID- 

1782.  tance  Vth  Clafs.  Pofition  n.  preceding.  Two 

other  < 
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V.  other  ftars  in  view;  the  neareft  of  them  extremely 
unequal.  Poiition  about  80  or  90°  f.  preceding.  The 
fartheft  very  unequal.  Poiition  about  30°  f.  following. 

96.  v (Fl.  59ara)  Aquarii  fequens  ad  auftrum. 

oa.  a.  Double.  About  § degree  f.  following  u,  in  a line 

1782.  parallel  to  $ and  c Aquarii.  Extremely  unequal.  Dif» 
tance  Vth  Clafs  near.  Pofition  1 5 or  20°  f.  pre- 
ceding. 

97.  Fl.  ioLacertae. 

oa.  4,  Double.  Very  unequal.  L.  w. ; S.  r.  Diftance 

1782.  with  278,  52"  34///.  Pofition  38°  45'  n.  following. 

.98.  Fl.  3 Pegafi. 

oa.  Double.  Pretty  unequal.  L.  wr. ; S.  dr.  Diftance 

1782.  34"  43/7/*  Pofition  82°  48 7 n.  preceding.  Belides  II. 
62.  another  liar  in  view.  Poiition  following. 

99.  Fl.  33  Pegafi. 

oa.  4,  Double.  Conliderably  unequal.  L.  pr. ; S.  r.  Dif- 

1782.  tance  with  278,  45'7  3//V.  Pofition  89°  12'  n.  fol- 
lowing. 

100.  Fl.  59  Orionis. 

oa.  4,  Double.  The  following  of  two.  Extremely  une- 

3782.  qual.  L.  w.  ; S.  a point  requiring  fome  attention  to 

be  feen.  Diftance  ‘37"  1 Pofition  about  65°  f. 
preceding. 

101.  v (Fl.  36am)  Orionis  praecedens. 

oa.  4,  Double.  About  f degree  preceding  v,  nearly  in  a 

,782.  line  parallel  to  v.  and  /3  Orionis;  the  fecond  from  u. 
Extremely  unequal.  L.  w. ; S.  r.  Diftance  44" 

j 5"'.  Pofition  about  1 50  f.  following. 
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Vi  102.  Fl.  6 i Ceti. 

Oft.  *12,  Double.  Extremely  unequal.  L.  rw.  ; S.  dr.  Dsf- 
!7$2.  tance  with  278,  yj"  53^.  Pofition  76°  217  f.  pre- 
ceding. A third  dar  at  fome  didance.  A little  une- 
qual. Pofition  ii.  following. 

103.  Ab  1 (Fl.  i 83)  Lyra?  j3  verfus. 

oa.  24,  Double.  Full  f-  degree  f.  preceding  nearly  towards 
1782.  /3  Lyrae.  Extremely  unequal.  L.  w. ; S.  r.  Didance 
with  278,  45//  32/7/.  Poiition  290  1 27  11.  following. 

104.  e (Fl.  4s)  Sagittas  audralior  et  pnecedens. 

Nov.  6,  Double.  Full  f degree  f.  preceding  e,  in  a line  pa- 
1782.  rallel  to  y Sagittae  and  y Aquike ; the  neared  of  two. 
Extremely  unequal.  L.  pr. ; S.  d.  Didance  Vth  Clals. 
Podtion  1 6°  i8/  f.  following. 

105.  y (Fl.  14s)  Sagittae  audralior  et  fequens. 

Nov.  6,  Double.  About  § degree  f.  following  y Sagittae,  in  a 
1782.  line  parallel  to  Sagitta  and  Delphinus.  Confiderably 
unequal.  L.  pr. ; S.  r.  Didance  3s77  3b77'.  Poiition 
740  157  f.  following. 

106.  y (Fl.  12")  Sagittae  borealior  et  prascedens. 

Nov.  6,  Double.  About  i|-  degree  n.  preceding  y Sagitta?, 
1782.  towards  the  6th  Vulpecula? ; a coniiderable  dar. 
Equal.  Both  rw.  Didance  3?>//  54'v/.  Poiition  6o° 
4a7  n.  preceding  or  f.  following. 

107.  Fl.  56  Auriga?. 

Nov.  6,  Double.  Confiderably  unequal.  L.  w. ; S.  pr. 
1782.  Didance  5 a77  57//7.  Poiition  720  367  n.  following. 

108.  >c  (Fl.  1 V)  Canis  majoris  borealior. 

Nov.  6,  Double.  About  \ degree  n.  of  x Canis  majoris.  A 
3782.  little  unequal.  L.  dw. ; S.  d.  Didance  4a77  53777. 
Poiition  22°  18  1%  .following. 
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V.  109.  Inter  $ Cancri  et  ^ Hydrse. 

Nov.  6,  Double.  A large  ffar  not  in  Flamsteed,  between 
1782.  £ Cancri  and  0 Hydras.  Exceffively  unequal.  Di  dance 
35"  24/v.  Portion  55°  o7  n.  preceding. 

1 10.  Fl.  1 1 1 Tauri. 

Nov.  13,  Double.  Very  unequal.  L.  rw. ; S.  r.  Diflance 
1782.  46, 77  42777.  Poftion  30  487  n.  preceding. 

111.  Fl.  425  Urdu  major  is  audralior  et  feq,  ueus. 

Nov.  20,  Double.  Full  1 degree  f.  following  the  42c],  in  a 
1782.  Fne  parallel  to  the  2.9th  and  48  th  Ur  Ik  major!  s ; the 
middle  of  three  forming  an  arch.  Coniiderably  une- 
qual. L.  wr. ; S.  r.  Distance  3a77  4o777.  Poll t ion. 
n.  following. 

1 ] 2.  * Ex  oblcurioribus  y and  v Geminorum  fequentlbus. 

Dec.  1,  Double.  Forms  almoft  an  ifofceles  triangle  with  y 
i'jZ-2.  and  v Geminorum.  Nearly  equal.  The  preceding  pr«: 
the  following  wr.  D ilia  nee  Vth  Clafs  far. 

1 13.  * Fl.  9am  inter  et  r fam  Orionis, 

Dec.  7,  Treble.  About  ll  degree  f.  preceding  the  ntff 

1782.  Orionis,  towards  t Tauri.  The  two  larged  confidera- 
bly  unequal.  L.  w. ; S.  pr.  Didanee  377/  5 T7/.  Po- 
ftion 330  5.4/  n.  preceding.  The  third  farther  off  and 
I mailer.  S.  r.  Poll  t ion.  n,  following. 

1 1 4.  Fl.  103  Tauri. 

Dec.  7,  Double.  Excefiively  unequal.  L,  rw,;  S.  d.  Dif- 

17S2.  tance  with  278  and  625,  3a77  277',  mean  meafnre.  Po- 


nt ion  7 20  24b 
1 1 5.  0 Tauri.  Fl.  pi 4. 

Dec.  7.  Double.  Exceffively  unequal.  L.  w.  ; S.  a point. 
17S2.  Di dance  5 .7/  34777.  Politico  77°  54"  f preceding. 
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Two  other  fmaU  ftars  following,  and  a third  to  the 
north. 

116.  Fl.  41  Arietis. 

Dec.  23,  Treble.  The  two  neared:  exceflively  unequal,  L.  w. ; 
C782.  S.  a point.  Diftance  with  278,  39"  20'A  Pohtioa 
8o°  487  f.  preceding.  For  the  diftance  of  the  fart  heft, 
fee  VI.  5.  * 

1 1 7.  £|[Fl.  58“™)  Arietis  prascedens  ad  boreani. 

Dec.  23,  Double.  About  x|  n.  preceding  towards  the  41ft 
1782.  Arietis;  the  following  of  four  forming  an  arch.  Very 
unequal.  Both  dr.  Diftance  34"  4&y//.  Pofftion  47° 
33''  n.  preceding. 

118.  s (Fl.  46s)  Orionis  borealior  et  praecedens. 

Dec.  285  Double.  The  moft  11.  of  three  preceding  e Orionis, 
4782.  towards  «,  Tauri.  More  north  is  another  let  of  three; 
care  mu  ft  be  taken  not  to  miftake  one  of  them  for  this. 
Extremely  unequal.  L.  rw.  ; S.  d.  Diftance  Vth 
Clafs.  Po  fit  ion  130  6'  f.  preceding.  Two  more  fol- 
lowing, exceflively  unequal ; one  about  1 ft  the  other 
about  1 1 minute. 

1 19.  s (FL.465)  Orionis  auftralior  et  praecedens. 

Dec.  28,  Double.  Full  f degree  f.  preceding  e,  in  a line  pa- 
1782.  rallel  to  e Orionis,  and  h Eridani ; the  fmalleft  and  moft 
f.  of  two.  Very  unequal.  L.  w.  ,*  S.  r.  Diftance  qo7'' 
i2//y;  a little  inaccurate.  Pofttion  2 1°  33  f preceding. 
A third  ftar  2 or  30  f.  following. 

* The  ftar  VI.  5.  in  the  place  referred  to  is  called  Flamsteed’s  35th 
Arietis.  With  fo  many  ftars  and  me  a fur  es  it  was  hardly  poltible  to  avoid  feveral 
errors,  I have  therefore  now  added  to  the  errata  already  given  at  the  end  of  vol. 
LX XI I.  and  LXXIIL  of  the  Phil.  Tranf.  fame  others,  that  have  fince  been  defeated 
by  a careful  review  of  the  double  liars,  and  believe  that  no  more  will  be  found. 

QjZ  120. 
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V.  j 20,  Fl.  15  Hydras. 

Dec.  28,  Double.  Extremely  unequal.  L.  w. ; S,  y.  Dif- 

.3782.  tan.ce  43"  2//7.  Petition  about  70°  n.  preceding. 

1 2 ! . r Comas  Berenices.  Fl.  i 2. 

t 

J.in.  r,  Double.  Confiderably  unequal.  L.  rw. ; S.  pr. 

,783.  DiBance  5 S ' ' yg".  Po  fit  Ion  about  770  f.  following. 

122.  Fl.  4pa  Bootis  auftralior  et  prascedens. 

Jan.  8,  Double.  Near  § degree  t preceding  the  44th, 

1783.  toward-s  the  38th  Bootis.  Very  unequal.  L.  b\v. ; S. 
pr.  DiBance  yq"  2i/V/.  Portion  6j°  6 7 f.  preceding. 

123.  * In  Andromedae  pectore. 

jan.  8,  Double.  Equal.  Both  rw.  or  pr.  DiBance  4 y77  i7/C 

17S3.  Polition  32°  2q7  1.  preceding.  Its  place,  as  determined 
in  r/77  by  C.  Mayer,  is  PR.  oh  347  yy77  in  time,  and 
2'9°  45 7 gf'  declination  north. 

J24.  g (Fl,  2mu)  Centauri  fequens  ad  auBrum, 

jan.  31-,  Double.  About  if  degree  f.  following  g Centauri,. 

1-783.  in  a line  parallel  to  y Serpentis  and  0 Centauri ; the 
mold  i.  of  two.  Confiderably  unequal.  Difrance  54^ 
1 777  too  low  for  accuracy. 

12^.  Fl.  46am  Bootis  fequens  ad  bo  ream. 

Feb.  3,  Double.  Near  2 degrees  n.  following  the-qbtb,  in  a- 

3.783.  line-  parallel'  to  Bootis  and  /3  Coronas  ;•  the  third  Bar 
about  that  direction.  Confiderably  unequal,  L.  r. ; 
Si  darker  r.  DiBance  330  53k  Portion  370  33, 7 f- 
preceding. 

126.  r (Fl.  5am)  Herculis  praecedens  ad5  a u Brum.. 

Feb.  3,  Double.  Near  I degree  £ preceding  r Herculis,  in 

1.783.  a line  parallel  to  y and  5 Serpentis ; a fmall  Bar.  A 
little  unequal.  Both  pr,.  DiBance  5.x777,.  rather 
full  meal ure.  Polition  520  6'  f.  preceding. 
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V.  127.  (Fl.  4 I am^  Herculis  praecedens  ad  boream. 

Feb.  5,  Double.  About  f degree  n.  preceding  the  41ft  Her- 
1783.  Cults,  in  a line  parallel  to  k Serpentarii  and  /3  Herculis,, 
Pretty  unequal.  Both  r.  Diflance  4%"  40'".  Polltion 
1 90  45'  n.  preceding. 

128.  < (Fl.  68am)  Virginis  fequens. 

Feb.  7,  Double.  About  i|  degree  following  / Virginis, 
i783.  in.  a line  parallel  to  Spica  and  /3  Librae.  A little  une- 
qual. L.  pr. ; S,  r.  Diflance  41" 

129.  f (Fl.  25,m)  Virginis  fequens  ad  boream. 

Feb. 7,  Double.  About  if.  degree  n..  following/,  in  a line 
1783.  parallel  to  y and  e Virginis ; a large  flar.  Very  une- 
qual.. L.  r. ; S.  dark  r.  Diflance  46"  42,//.  Polltion 
6 or  70  f.  following,  A double  liar  of  the  Vth  Oafs 
in  view,  preceding. 


130.  Fl.  35  Com  re  Berenices. 

Feb.  26,  Double.  Very  unequal.  L..  r. ; S:.  d.  Diflance 
J7S3-  3l"  I 7///*  Fofition  36°  5.1 ' f..  following. 

13:1.  Fl.  2 4sm  Librae  lequens  ad  boream. 

Mar.  1,  Double.  About  if  degree  n.  following  the  2:4th 
1783.  Librae,  in  aline  parallel  to  ?r  and:  /3  Scorpii..  Conlldera- 
bly  unequal.  L.  rw.  ; S.  r..  Diflance  4jy/  46"' 

132.  Fl.  2.9am  inter  et  Libras. 

Mar.  1,  Double.  Of  two  between  the  29th  and  30th  Libras' 
*783.  that  nearefl  to  the  30th.  Very  unequal.  L,  w. ; S.  dv 
Diflance  39"  yf"  > very  inaccurate. 


$33.  Fl.  60  Herculis. 

Mar.  7,  Double.  Extremely  unequal.  L.  w. S.  d.  Dif- 
2783.  tance  4%/f  qc/L  Polltion  370  o'  n.  preceding. 
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V.  134.  (Fl.  4am)  Ophiuchi  pnecedens  ad  auftrum. 

Mar.  24,  Double.  About  1 degree  preceding  and  a little  X.  of 

1783.  iR  a line  parallel  to  d Ophiuchi  and  u Scorpii ; the 
fartheft  of  two  in  the  bafe  of  a triangle.  Equal.  Dif- 
tance  45"  47"'. 

135.  Ad  Fl.  49am  Cainelopardali. 

April  4,  Double.  The  fmalleft  and  mod:  f.  of  two  that  are 

1783.  about  20''  afunder.  A little  unequal.  Both  r.  Dif- 
tance  with  278,  38"  iS"'.  Pofition  85°  o'  f.  preceding. 

136.  9 (Fl.  65s)  Aquilifi  borealior. 

Sept.  12,  Double.  About  § degree  n.  of  6,  in  a line  parallel 

1783.  to  7j  and  (3  Aquil;c;  a confiderable  Far.  Confiderabiy 
unequal.  L.  pr. ; S.  r. ; Diftance  with  278,  47" 
Pofition  65°  48'  f.  preceding. 

1 37.  % (Fl.  175)  Cygni  borealior. 

Sept.  22,  Double.  About  if  degree  n.  of  %,  towards  $ Cygni ; 

1783.  a confiderable  flar.  Confiderably  unequal.  L.  garnet; 
S.  r.  Diftance  with  278,  35"  i'",  Pofition  570  3'  n. 
following. 


SIXTH  CLASS  OF  DOUBLE  STARS. 

VI.  67.  v}  Orionis.  Fl.  28.  In  extremo  enfis  manubrio. 

Dec.  27,  Double.  Exceftively  unequal.  L.  w. ; S.  d.  Dif- 
1781.  tance  1 ' 5 o n tf'".  Pofition  350  1V11.  following. 


68. 

J 
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VI.  68.  y (Fl.  28s)  Orionis  auftralior. 

Dec. .2 7,  Double.  About  f degree  f.  of,  and  a little  follow- 
1781.  ing  97,  in  a line  nearly  parallel  to  <5  and  9 Orionis.  Very 
unequal.  L.  r. ; S.  d.  Diftance  z o7/  i\n/.  Pofition 
7®  54' n.  preceding. 

69.  Fl.  i4Arietis.  Supra  caput. 

Dec.  27,  Double.  Very  unequal.  L.  pr. ; S.  dr.  Diftance 
1781.  V 29'v  28  '.  Pofition  1 1 ® 1 2 / n.  preceding. 

70.  0 Geminorum.  Fl.  70,  Supra  caput  prioris  Jp. 

Dec.  27,  Treble.  Or  two  fmall  ftars  in  view  ; the  neareft  a 

1781.  little  more  than  1 minute;  the  other  not  much  farther. 

71.  r Hydras.  Fl.  31.,  Trium  in  flexu  colli  auftraliffima. 

Jan.  20,  Double.  Pretty  unequal.  L.  w.  inclining  to  rofe 

1782.  colour.  S.  pr.  Diftance  1'  i/y  4c/77.  Pofition  88°  36' 
1.1,  preceding. 

72.  Ad  Fl.  68am  Orionis.  In  fufte, 

Jan.  go,  Double.  The  1110ft  11.  of  two  that  are  1 degree 
£782.  afunder.  Very  unequal.  L.  w. ; S.  dr.  Diftance. 
with  278,  i/ 1 2,"  50///.  Pofition  410  o7  f preceding. 

73.  e Geminorum.  Fl.  27.  In  boreali  genu  praecedentis  Ip, 
Feb.  2,  1782.  Double.  L.  w.  Diftance  1/  5c/7  30ft'. 

74.  Fl-.  51  Geminorum. 

Feb.  2,  Has-  two  very  obfcure  ftars  in  view.  D.  r. ; S.  r.  S.  r- 
1782.  The  neareft  about  if,  the  next  2:  minutes.  Pofition 
of  both  about  40  or  50°  n,  following. 

75.  u Can  err,  Fl,  4.  Ad  primum  borealem  forfeem.. 

Feb,  Has  a very  obfcure  ftar  in  view.  L.  pr.  Diftance 
1782.  about  if  minute.  Pofition  about  30°  n.  preceding.  A 
third  about  2ft  Pofition  more  north. 
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VI.  76.  0 Leonis.  Fl.  14. 

Feb.  2,  Double.  Extremely  unequal.  L.  rw. ; S.  r.  Dif- 
1782.  tance  i/  3"  . Polition  490  36'  n.  following* 

77.  r Virginia.  Fl.  93. 

Feb.  4,  Double.  Very  unequal.  L.  w. ; S.  dr.  Diftance 

3782..  i'  8"  2 2///. 

78.  Z,  (Fl*  i6am)  Cancri  fequitur. 

Feb.  8,  Double.  About  f degree  following  f Cancri,  towards 
1782.  3?  Leonis..  Extremely  unequal.  Diftance  1'  3"  47///. 

79.  £p  Leonis.  Fl.  74, 

Feb.  9,  Double.  Very  unequal.  L.  w. ; S.  pr.  Diftance 

1782.  if  38"  3 . Polition  about  10  or  120  n.  preceding, 

80.  Fl.  93  Leonis. 

Feb.  Double.  Very  unequal.  L.  w. ; S.  db.  Diftance 

1782.  ft  io''  13". 

81  „ Fl.  27  Virginis.  I11  ala  dextra. 

Feb.  g,  Double.  Extremely  unequal.  L.  w.  Diftance 
3782/  t'  28"  48"'' 

82.  Fl.  31  Monocerotis.  In  media  cauda.  * 

Feb.  9,  Double.  Very  unequal*  L.  rw. ; S.  db.  Diftance 
3782.  i'  10"  *3'"'  Polition  40°  o' n.  preceding* 

83.  Prope  Fl.  iam  Orionis. 

Feb.  9.,  Double.  A few  minutes  f.  following  the  1 ft,  towards 
1-82.  the  belt  of  Orion.  Considerably  unequal.  L.  pr. ; S. 
r.  Diftance  V 20"  58'".  Polition  88°  15'  n.  fol- 
lowing. 

84.  Fl.  14  Canis  minoris. 

Feb.  9 , Treble.  The  neareft  extremely  unequal.  L.  rw. ; 
j7g2,  S.  d.  Diftance  i’  5"  28/7/.  Pofition  26°  24'  n.  fol- 
lowing. 
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TL  lowing.  The  third  forms  an  angle,  a little  larger  than 
a reft  angle,  with  the  other  two.  Pofition  f.  following. 
-85.  Fl.  2;  Hydrae. 

Feb.  9.  Double.  Very  unequal.  L.  rw. ; S.  pr.  Didance 
1782  Vlth  Clafs  fan  -Pofition  about  6o°  f.  preceding. 

8:6.  Prima  ad  <r  Cancri.  Fl.  51. 

March  5,  Double.  Extremely  unequal.  L.  w. ; S.  d.  Poll- 

1782.  tion  n.  following. 

87.  Tertia  ad  0- Cancri.  Fl.  64. 

March  5,  Double.  Very  unequal.  L.  rw. ; S.  dr.  Didance 
1782.  i'  25"  45///.  Pofition  250  i2/  n.  preceding. 

SB.  /3  Aurigae.  Fl.  34.  In  dextro  humero. 

March  5,  Double.  Extremely  or  exceffively  unequal.  L.  fine 
j782.  bluifii  w. ; S.  d.  Didance  27  49"  6"'.  Pofition  54® 
1 2/  n.  following.  A third  farther  off.  Very  unequal. 
About  40  or  50°  n.  following. 

89.  Fl.  6*  Bootis  adject  a. 

Mar.  12,  Double.  Jud  following  the  6th  Bootis.  A little 
1782.  unequal.  L.  r. ; S.  deeper  r.  Didance  i' 

Pofition  58°  6'  f.  preceding. 

90.  Fl.  61  Virginis. 

Apr.  3,  Double.  Very  unequal.  L.  w. ; S.  d.  Didance 
17S2.  1'  1-3"  1 5"'.  Pofition  about  n.  preceding. 

91.  Prope  y (Fl.  2qam)  Geminorum. 

Apr.  15,  Double.  Three  or  four  minutes  n.  of  y Geminorum. 
1782.  Conf  derably  unequal.  Both  fmall ; too  obfeure  for 
meafures  with  7 -feet;  my  20-feet  fhews  a third  dar 
between  them  with  1 a inches  aperture. 
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VI.  92.  J (Ft.  3 s)  Capricorn!  borealior. 

Jane  14,  Double.  About  j degree  n.  of  J Capricorni.  Very 
1782.  unequal.  Both  r.  Diftance  if  2 " \6'".  Pofition 
26  3'  f.  preceding. 

93.  ^ Carouse  borealis.  Ft.  15.  Ad  fummum. 

July  18,  Double.  Very  unequal.  L.  w. ; S.  d.  Diftance 
1782.  i/  27"  44//;  i a little  inaccurate.  Pofition  540  27'  ft 
following. 


94.  a Coronas  borealis.  Ft.  12. 

July  18,  Double.  Extremely  unequal.  L.  w. ; S.  r.  Dif- 

l7g2.  tance  T 35"  i*'"  Pofition  33d  I27  n.  following. 

95.  y Bootis.  Fl.  8.  Triumin  fmiftro  crure  borea, 

Aug.3)  Double.  Extremely  unequal.  L.  w.  inclining  to 

*782.  orange;  S.  r.  Diftance  about  if  minute.  Pofition 
about  2 5 or  30°  ft  following. 
y6.  Z Perfeh  Fe.  44.  In  pede  fmiftro. 

Aug.  25,  Treble.  The  neareft  extremely  unequal.  L.  w. ; 
j 7 g 2 , S.  r.  Diftance  T 11"  267//.  Pofition  66°  36'  ft  pre- 
ceding. The  fartheft  very  unequal.  S.  r.  about  i| 
minute.  70  or  750  ft  preceding. 

97.  Secunda  ad  r Aquarii.  bL.  71.  In  dextro  cruie. 

Aug.  28,  Double.  Very  unequal.  L.  r. ; S.  d.  Diftance 

1782.  T 3"  36"%  mean  meafure.  Pofition  180  30'  n.  pre- 
ceding. 

98.  Ft.  46am  Tauri  fequens  ad  auftrum. 

Sept.  7,  Double.  About  i|  degree  ft  following  the  46th, 

T78a„ ? nearly  in  a line  parallel  to  the  38th  Tauri  and  the  42ft 
Eridani.  A little  unequal.  L.  pi*;  S.  r.  Diftance 
i'  2"  34///.  Pofition  430  48'  n.  preceding.  A double 
ftar  of  the  Vth  Oafs  in  view,  following  within  3ft 

EquaL 
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VI,  Equal.  Both  fmall  and  r.  Almoft  fimilarly  fituated 
with  the  above,  but  pofition  more  n.  preceding, 

99.  m Perfei.  Fl.  57.  In  dextri  pedis,  talo. 

Sept,  7,  Double.  Pretty  unequal.  L.  r. ; S.  rw.  Diftance 
17S2.  1'  36"  zY"-  Pofltion  7l°  51'  f*  preceding. 

100.  ; (Fl.  32am)  Cephei  fequens. 

Sept.  30,  Double.  About  if  degree  n.  following  *,  nearly 
1782.  towards  y Cephei.  A little  unequal.  Both  pr.  Dif- 
tance  i'  1"  54/y/.  Pofition  8°  9'  n.  preceding. 

101.  £ Tauri.  Fl.  68. 

oa.  31,  Has  two  ftars  in  view.  The  neareft  excefiively  une- 
1782.  qual.  L.  w. ; S.  d.  Diftance  with  278,  T 3"  18'". 
Pofition  350  24'  f.  preceding.  The  fartheft  extremely 
unequal.  S.  r.  About  1 f minute.  Pofition  about  503 
11.  preceding. 

102.  Fl.  5 Lyncis. 

Nov.  13,  Double.  The  larged:  of  a fmall  triangle.  Very 
1782.  unequal.  L.  r. ; S.  garnet.  Diftance  V 28"  20v/. 
Pofition  20  o'  n.  preceding. 

103.  sPegafi.  Fl.  8. 

Nov.  20,  Double.  Very  unequal.  L.  pr. ; S.  dr.  Distance 
1782.  V 30"  $(>"'•  Pofition  520  45'  n.  preceding. 

104.  fBootis.  Fl.  30.  In  dextro calcaneo. 

Nov.  29,  Has  a very  obfcure  ftar  in  view.  Extremely  unequal. 
1782,  L.  w.  inclining  to  r. ; S.  d.  Difbance  about. i§  minute, 
Pofition  almoft  dire&ly  preceding. 

105.  Fl,  105  Tauri. 

Dec.  7,  Double.  Very  unequal.  L.  pr. ; S.  r.  Diftance 

1782.  V41"  %f//o  Pofition  1 8°  o'  f.  preceding. 
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VI.  io 6.  3 Eridani.  Fl.  62. 

Dec.  7,  Double.  Conftderably  unequal.  L«  w. ; S.-  piv- 
i782.  Di fiance  1'  o"  26w.  Edition  1 5*  <)'  n.  following. 

107.  Fl.  31s  Monocerotis  auftralior  et  praecedens. 

Dec.  21,  Double.  About  1 \ degree  f.  of,  and.  a . little  pre- 
378.^.  ceding  the  3 ill  Monocerotis,.  in  a line  parallel  to  Hy- 
dras and  the  31  ft  Monocerotis  the  mod;  fouth  of  two.. 
Confiderably  unequal.  L.  r. ; S.  deeper  r.  Diftancs 
about  1 1 minute.  Pofition  50  or  6o°f  following. 

1:08.  9 (Fl.  22s)  Hydrae  borealior  etprascedens. 

Dec.  28,  Double.  About  § degree  n.  of,,  and  a little  pre- 
1782.  ceding  9,  nearly  in  a line  parallel  to  « and  9 Hydras. 
Very  unequal.  L.  r. ; S.  blackifh  r.  Vlth  Clafs  far... 
Pofition  1 or-  20  n..  preceding..  A third  Far  preceding. 
109.  Fl.  22  an.  26  Cancri  incertum. 

Dec.  29,  Double.  One  of  the  two  being  loft  it  does  not 
1782.  appear  which  is  the  remaining,  ftar..  Very  unequal, 
L.  r. ; S.  dr. 


110.  Telefcopica  ad  0 Cetk 

Jan.  2,  Double.  Looking  for  0 Ceti,  which  was  invifible  to 
j783.  the  naked  eye,  I miftook  this  for  it.  Pretty  unequal. 
L.  rw.  of  about  the  eighth  magnitude;,  S.r.  Diftance 
1'  20"  52/7/.  Pofition  330  42b 
in.  a Hydras;  Fl.  30.  - Duarum  contiguarum  lucidior. 
jan.  8,  Has  two  ftars  within  about  2 minutes  ; the  neareft: 
37B3„  exceffively  unequal;;  the  fartheft  extremely  unequal. 

Both  f.  following. 

11 2.  Fl.  13  Bootis. 

jan.  8,  Double.  Extremely  unequal.  L,  r. S.  dr.  Dif- 
3,783.  tance  1 ' 17"  58"'.  Pofition  7°24/  n.  preceding. 

* See  Phil,  Tranf.  vol.  LXXIIL  p,  252. 
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■VI.  1 13.  Fl.  4 Virginis. 

Jan.  8.  Double.  Extremely  unequal.  L.  wr.  ; S.  dr..  Dif- 

I783.  tance  2'  2 5"  4f// ; too  obfcurc  for  accuracy. 

114.  Fl.  69am  Orionis  prtecedens  ad  atlftrum. 

Jan.  9,  Double.  About  | degree  f.  preceding  the  69th, 

3783.  nearly  towards  X Ononis.  Confiderably  unequal.-  L. 
pr. ; S',  d.  Diftance  1'  30"  38'".  Pofition  2Z?  6/  L 
following. 

1 1 5.  Fl.  2 1 am  Crateris  fequens  ad  auftrum.. 

Jan.  IO,  Double.  About  2!  degree  f.  following  the  21 F,  iir 

3783.  a line  parallel  to  the  1 2th  Crateris  and  4th  Corvi.  Very- 
unequal.  L.  w.  S.  r.  Pofition  120  i 2/n.  following. 

1 16.  Fl.  43  Herculis. 

Jan.  IO,  Double.  Very  unequal.  L.  inclining  to  garnet? 

1783.  S.  r.  Diftance  1/  14"  3///.  Pofition  38°  qS7  f.  pre- 
ceding. 

in  7.  Fl.  i 2s  Librae  borealior  et  praecedens. 

Jan.  1 o',  Double.  About  i|  degree  n.  preceding  the  i2tli 

3783,  Librae,  towards  Spica..  Very  unequal.  L.  rw. ; . S.-r, 
Pofition  about  40°  f.  preceding. 

1 1 8.  Fl.  30  Monocerotis. 

Feb.  12,  Double.  Very  or  extremely  unequal.  Diftance 


1783-  3'  3°"  5*'"*'  . 

1 1 9.  s (Fl-.  18s)  Pifcis  auftrini  auftralior  et  praecedens. 

July 28,  Double.  About  if  degree  f.  of,.,  and  a little  pre» 

1783.  ceding  e Pifcis  auftrini,  in  a line  from  $ Aquarii  continued 


* On  account  of  the  change  in  the  magnitudes  of  the  i-ft  and  2d  HydraevthTs 
fmall  Far  may  be  of  ufe  to  afcertain  whether  the  3oth  Monocerotis,  which  is 
fituated  between  them,  has  any  confiderable  proper  motion.  See  Phil.  Tranf.  vol, 
IlXXIII,  p.  2?5,> 
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through  e Pifcis.  Pretty  unequal.  L.  dpr.  S.  dr. 
Diftance  i'  26"  58//7.  Portion  67°  46 ' f.  following. 
120.  Fl.  43sra  Sagittarii  fequens  ad  auftrum. 

Aug.  16,  Double.  Near  1 degree  f.  following  the  43d,  in  a 
1783.  line  parallel  to  £ and  0 Sagittarii ; a conliderable  Far. 
Very  unequal.  Both  dr.  Diftance  with  278,  i'  14" 
9"'.  Portion  370  o'  n.  preceding. 

1 2 1*  Fl.  12  Lacertse. 

Aug.  18,  Double.  Very  unequal.  L.  w. ; S.  r.  Diftance 
1783.  with  278,  1'  o"  io'".  Pofition  730  o'  n.  following. 


Add  the  following  errata  of  the  Catalogue  of  Double  Stars  in 
vol.  LX XII.  to  thofe  already  noticed  at  the  end  of  the 
LXXIId  and  LXXIIId  volumes. 


Page. 

Line. 

For 

Read 

183 

22 

25- 

25*. 

140 

3 

19"  14'" 

19"  26"' 

*45 

26 

35"  43'" 

36"  9'" 

153 

7 

v Capricorni.  Fl.  IO. 
33°  42' 

§ Capricorni.  Fl.  ii. 
6i°  23' 

153 

11 

156 

4 

Fl.  5. 

Fl.  4. 

% S //'t.tn 


Pht7.os.Traw.Vol .LXXlr.Tc\hN . p.  12.6 . 
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VII.  Obfervations  of  a new  variable  Star . In  a Letter  from 
Edward  Pigott,  Efq.  to  Sir  H.  C.  Englefield,  Bart.  F.  R.  S . 
and  Jl.  S, 

Read  December  23,  1784, 

^ E A R SIR, 

FOR  fome  years  pad:  I have  been  employed  in  verifying 
all  the  dars  fufpedted  to  be  variable,  in  order  that  here- 
after we  may  know  with  certainty  what  to  depend  upon.  This 
undertaking,  which  is  nearly  completed,  has  already  proved 
of  ufe  in  detecting  many  midakes,  and  producing  fome  difco- 
veries ; among  which,  the  following  is  one  of  the  mod  im- 
portant. September  10,  1784,  I fird  perceived  a change  in 
the  brightnefs  of  the  dar  v\  Antinoi,  and  by  a feries  of  obfer- 
vations made  ever  fince,  I find  it  fubjedt  to  a variation  very 
fimilar  to  that  of  Algol,  though  not  exadtly  the  fame  in  any 
one  particular. 

q Antinoi,  when  blighted,  is  of  the  third  or  fourth  magni- 
tude, being  between  $ and  /3  Aquilae ; and  at  its  lead  bright- 
nefs of  the  fourth  or  fifth  magnitude,  it  then  being  between 
that  of  1 Antinoi  and  p Aquilae ; therefore,  its  greated  varia- 
tion in  brightnefs  may  be  called  about  one  magnitude ; and  the 
changes  it  undergoes,  though  probably  not  nicely  afcertained 
from  fo  few  obfervations,  are  nearly  thefe : 

4 At 


a.  2$  Mr.  Pigott’s  Obfsrvathns 

At  its  greatef  brightnefs  44  =t  hours.. 

In  decreasing  - - 62  =t  hours. 

At  its  leaf!  brightnefs  30  =t  hours. 

In  increasing  - « 36  dr  hours. 

All  tlaefe  changes,  which  hitherto  feem  to  be  regular  and  con- 
dan  t,  are  performed  in  7 days  4 hours  38 — minutes;  this  Ilhali 
fhle  its  period,  and  hereafter  will  Shew  how  it  is  determined 
with  fuch  exadnefs. 

The  fears  to  which  vj  Antinoi  was  compared  are  in  order 
thus  : 8 Aquilre  third  magnitude,  /3  Aquilae  and  9 Serpentis 
fourth  magnitudes,  t Antinoi  fourth  or  fifth  magnitude,  and  p 
Aquilae  a bright  fifth.  I find,  by  feveral  years  obfervation, 
that  (3  Aquilae  retains  the  fame  brightnefs.  ; Antinoi,  which 
has  been  examined  with  particular  attention  by  Mr.  Good- 
;r tcke  and  myfelf,  is  fufpeded  by  us  both  to  be  fubjed  to  a 
fmall  variation,  but  not  fufficiently  apparent,  fo  as  to  affed 
materially  thefe  companions,  and  pofibly  it  may  be  only  the 
effed  of  fome  optical  illufion ; for  I have  frequently  remarked, 
that  both  in  the  twilight  and  moon-light,  or  when  the  air  is  in 
the  leaf;  hazy,  there  is  a greater  difference  between  the  bright- 
nefs  of  many  of  the  liars,  than  in  a dark  night  and  clear  Iky. 

In  the  following  journal  of  obfervations  of  vj  Antinoi,  the 
Greek  letters  (3,  $9  p9  belong  to  Aquila,  and  /,  vy  to  Antinous ; 
fecondly,  the  magnitudes  marked  in  column  the  third  are  by 
edimation,  and  can  be  of  no  further  ufe  than  merely  to  give, 
at  fird  fight,  an  idea  of  the  liar’s  brightnefs ; and  laf  ly,  the 
lines  difinguilhed  by  inverted  commas,  are  extrads  from  Mr. 
Oood-ricke’s  journal,  whofe  friendly  affiance  I have  often  ex- 
perienced, and  was  the  more  welcome  on  this  occafion,  becaufe 
repeated  attention  and  great  exadnefs  were  requifite. 
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Dates. 

1783- 

Hours. 

Magni- 

tude. 

Journal  of  the  comparative  brightneft  of  » Aminoi. 

July  17 

lod: 

2 . 4 

f Lefs  than  ^ Aquil*  and  brighter  than  0 Serpentis  (0 

* 

L Aquilx  and  0 Serpentis  are  equal)  weather  hazy. 

19 

IO=b 

4 

Rather  brighter  than  0 Aquilje  and  0 Serpentis. 

27 

IO± 

4 

If  any  difference,  lefs  than  0 Aquilse. 

1784 

N.  B.  Thefe  times  are  from  recolledfion,  and  cannot 

err  more  than  if  hour. 

£ept.  10 

10d= 

4 

Lefs  than  0 Aquila  and  8 Seepentis. 

12 

n 

4 * 3 

Much  lefs  than  0y  equal  to «. 

<— 

9 

4-  5 

“ A little  brighter  than  *,  air  clear," 

IS 

Ui) 

3 * 4 

Lefs  than  brighter  than  0 , and  much  brighter  than  i( 

— 

8 

3 - 4 

“ Brighter  than » and  0” 

*5 

8 

4 

Rather  brighter  than  0t  ancfmuch  brighter  than  ». 

18 

{?.*] 

4 • 5: 

“ Lefs  than  0 and 

i9 

71 

4 • 5 

Much  lefs  than  0 , and  equal  to  *. 

{9 1 

4 * 5 

“ Lefs  than  0 and  t." 

20  . 

8 

2 „ A 

f Brighter  than  0 and  1;  at  11  h.  it  feemed  to  have 

0 • *r 

1 increafed. 

23 

«*} 

3 • 4 

f Lefs  than  rather  brighter  than  0 ; thought  it  rather 
1 lefs  at  1 if  h.;  moon  near. 

.28  ] 

29  1 

9“ 

3 • 4 

Brighter  than  0 ; moon -light. 

3° 

9± 

3 • 4 

If  any  difference,  rather  brighter  than  /?. 

— — 

9" 

3 • 4 

“ Rather  brighter  than  0 

Oil:.  1 

{5  1 

4 

Lefs  than  0y  brighter  than  • 1 air  clear,  moon-light. 

2 

8 

4 • 5 

Equal  to  t,  much  lefs  than  0, 

8 

4 • 5 

“ Lefs  than 

5 

8 

•3  • 4 

Between  the  brightnefs  of  0 and 

6 

9± 

3*4 

“ Brighter  than  0 and 

7 

w 

-3  * 4 

lather  brighter  than  0. 

— 

8± 

3 • 4 

u Much  the  fame  as  yefterday." 

'8 

8-+- 

4 

f Brighter  than  » ; think  it  not  lefs  than  0 ; this  obfer* 

8± 

1 vation  doubtful,  occalioned  by  intervening  clouds. 

Jsosca 

4 * S 

“ Believe  it  lefs  than  »;  weather  bad.” 

9 

8rfc 

4 • 5 

e£  Certainly  lefs  than  0;  weather  bad." 

10 

1 1 

4 . 5 

“ Lefs  than  « ; rather  a doubtful  obfervation.’5 

1 1 

IO| 

4 

Rather  lefs  than  0,  and  brighter  than  1, 

*5 

10 

4 

Equal  to  0. 

8=fc 

4 

“ Rather  brighter  than  0.’f 

16 

•8  i 

4 

Lefs  than  0P  brighter  than  »♦ 
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Dates.. 

1784 

Hours. 

Magni- 

tude. 

Journal  continued. 

Oft.  16 

6| 

4 • 5 

“ Lefs  than  0 and 

r7 

1 7 1 
18  1 

4 • 5 

Undoubtedly  lefs  than  ». 

18 

8 

4 • 5 

Lefs  than  q brighter  than  /*. 

6* 

4 • 5 

“ Lefs  than  1.” 

19 

71 

3 • 4 

Evidently  brighter  than 

20 

8± 

3 ■ 4 

“ Much  brighter  than  13.’’ 

22 

8=t 

3 • 4 

“ Brighter  than  13.” 

23 

61 

4 

Lefs  than  0. 

8 

4 

“ Not  fo  bright  as  0,  brighter  than  ».’* 

24- 

7 

4 • 5 

Equal  to  *,  much  lefs  than  0 > moon-light,  air  clear. 

.{?} 

4 • 5 

f “ Lefs  than  » j rather,  though  very  little,  brighter 
1 than  /u.” 

25 

6| 

4 • 5 

Much  lefs  than  (3,  equal  to  *,  brighter  than  |t*. 

26 

61 

4 

Sometimes  feemed  rather  lefs,  but  generally  equal  to/S* 



9? 

4 

Equal,  if  not  rather  brighter  than  0. 

27 

4 

j “ At  6|  rather  lefs,  at  8|  nearly  equal,  and  at  qj 
l “ rather  brighter  than 

f Remarkably  bright,  nearer  £ than  (3 ; xnoon-lightj 

A 

O 

3 • 4 

1 air  clear. 

c_ 

6f 

3 • 4 

“ Nearer  to  0 than  to  J.}* 

31 

81 

4 

Seemed  equal  t©  0 ; air  not  very  clear. 

Nov,  3 

51 

3*4 

“ Rather  brighter  than  0.” 

6 

81 

4 

Evidently  lefs  than  0.. 

7 

9 

4 • 5 

Much  lefs  than  0. 

7l 

4 • 5 

“ Lefs  than  0 and 

2 s 

h 

/ 

3 • 4 

Brighter  than  0 , much  lefs  than 

3 2 

61 

3 • 4 

Rather  brighter  than  £,  certainly  equaL 

81. 

3 • 4 

“ Rather  brighter  than  (3  and  i.’31 

3 3 

j f } 

4 • 5 

Lefs  than/3,  equal  to  ». 

7 

4 • 5 

“ Lefs  than  0V  and  rather  lefs  than 

26 

4" 

[ Evidently  lefs  than  0,  and  rather  brighter  than  rj  at 

5f 

1 8 it  feemed  increafed,  and  about 

, 

8 

4 

Between  its  leafl  and  full  brightnefs. 

— 

7 

4 • 5 

“ Lefs  than  0,  and  fomething  lefs  than  f.” 

17 

{f|} 

3 • 4 

Brighter  than  0. 

39 

6 

4 

[f  any  difference,  rather  brighter  than  0 ; clouds  cov- 

8 

4 

f ered  the  moon:  at  8 h. if  any  difference  rather -<lef3 
1 than  0;.  moon-light,  and  air  not  fo  clear  as  at  6, 



6 

4 

“ Rather  brighter  than  0 , brighter  than  t.’* 

20 

7 

4 

lather  lefs  than  0,  brighter  than  ». 

21 

6f 

4 

Lefs  than  0 , rather  brighter  than  ♦ $ moon-light. 

25 

7 

3 • 4 

‘ Brighter  than  0” 

Dec.  4 

61 

4 

f any  difference,  lefs  than  09 
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In  order  to  obtain  a point  of  companion,  for  fettling  the 
periodical  changes  of  y Antinoi,  which  I fuppofe  to  be  con- 
stant, it  is  natural  to  fix  upon  that  phafis,  which  can  be  deter- 
mined with  the  greateft  precifion  ; and  this  feems  to  be  at  the 
time  when  it  is  between  its  leaft  and  greateft  brightnefs,  as 
<almqft  the  whole  increafe  of  brightnefs  is  completed  in  lefs  than 
24  hours,  though  the  perfe<ft  completion  is  performed  only  in 
36  d=  hours ; thus  having  fettled  this  neceflary  point,  and  found 
roughly  the  length  of  a fingle  period,  the  computations,  in 
’Order  to  obtain  greater  exa&nefs,  are  as  follows. 


JS  z 


Time 


Mr.  Pi  got  t’s  Obfervatiom 


Time  when  n Antinoi  was 
between  its  leaft  and  greptef 
brightnefs. 

Intervals  between 
the  obfervations. 

Number  of  pe- 
riods in  ditto. 

Length  of  & 
fingle  period. 

Hours. 

1784,  Sept.  12.  at  20  ] 
Qct.  1 1 . at  11  J 

Days. 

28 

Hours. 

x*5 

- 4 

each  of 

Days 

7 

Hours® 

3* 

Sept.  12.  at  20  | 
Oct.  18.  at  20  J 

36 

0 

5 

D* 

7 

41 +: 

Sept.  1 2.  at  20  1 
Oct.  26.  at  00  J 

43 

.4 

6 

D° 

7 

4I  - 

j,  i ,| 

Sept.  12.  at  20  -j 
Nov.  16.  at  8 J 

64 

12 

9 

D° 

7 

4 

Sept.  19.  at  20  -j 
0£t.  18.  at  20  J 

29 

0 

4 

D° 

7 

6 

Sept.  19.  at  20  -> 
0<5t.  26.  at  go  J 

0 6 

4 

5 

D° 

7 

5I  4* 

Sept.  19.  at  20  -| 
Nov.  16.  at  8 J 

57 

12 

8 

D° 

7 

4a 

1 1 . at  11  1 
Nov.  16.  at  8 J 

35 

21 

5 

D° 

7 

41- 

061,  18.  at  20  1 
Nov.  1 6.  at  8 J j 

28 

12 

4 

D°  j 

7 

3 

Length  of  a fingle  period,  on  a mean,  7 4 30 


Perhaps  other  aftronomers  may  not  exactly  agree  with  me, 
in  fixing  the  times  as  fet  down  in  column  the  firfi: ; for  my 
part,  I determined  them  without  paying  any  regard  to  the 
refults,  by  taking  a medium  between  the  times  when  % Antinoi 
4 had 
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liacl  rather  palled  its  lead;  brightnefs,  being  nearly  equal  to  i An- 
tinoi,  and  when  it  was  a little,  but  undoubtedly,  brighter 
than  /3  Aquilae.  Though  it  does  not  appear,  as  I have  already 
faid,  that  any  of  the  other  phafes  can  be  fettled  with  equal 
precifion,  different  companions  neverthelefs  may  prove  fatif- 
fadtory  towards  corroborating  the  above ; I have  therefore  alfo 
deduced:  its  period  from  the  bell  and  molt  diftant  obfervations, 
made  when  at  its  lead:  brightnefs;  they  are  thus:  7 days 
; 0 hours  and  7 days  5 hours..  Thefe  refults  I reject,  and  retain) 
the  mean,  given  by  the  firll  fet,.  with  which  we  may  proceed  on 
to  gain  a much  greater  exadlnefs ; let  one  period  be  fubtradfed: 
from  the  obfervation  of  July  27th,.  1783,  and  it  will  appear,, 
that  vj  Antinoi  had  varied  in  brightnefs  during  the  following; 
four  days,  though,  at  that  time  it  did  hot  li'rike  me. 

SJuly  17th,  decidedly  brighter  than  /3  Aquilae.. 

— 1 8th,  not  obferved. 

a y ©3 , a — 19th,  rather  brighter  than /3  Aquilae. 

I — 20th  (anfwering  to  the  27th)  equal  or  rather 
t lefs  than  (3  Aquilae.* 

As  it  is  therefore  evident,  that  on  July  19th  and 27  th,  1783,, 
7j  Antinoi  was  decreafing  in  brightnefs,  I fhall  compare  thofe 
days  obfervations  to  correfponding  ones  made  in.  1784.. 

Hours. 


1784,.  Sept.  3P.  at  6 
Odh  7.  at  16 
Odd.  15.  at  6 


Odh  22.  at  12 
Nov.,  12.  at  2 
Nov*.  19,  at  00 


Similar  obfervations  to  that  of  1783 
July  19th,.  at  10  h.  ±,  vj  Antinoi  being; 
rather  brighter  than  /3  Aqpilae. 


1 34  Mr.  Pigot  T-’s1  Ohfervatiom 

Hours. 

-178:4* Sept. 30.  at  1 S') 

061.  15.  at  1 4 j Similar  - Obfervatkms  ‘ to  that  of  1:783,’ 
061.  22.  at  19  ^ July  27th,  at  10  h.  ±5^  Antinoi  being 
Nov.  12.  at  14 1 : equal  to  or  rather  lefs  than  Q Aquilse* 
Nov.  1 1 9.  at  14  j 

In  edimating  the  above  times,  I paid  much  attention  to  the 
obfervatioiis  of  the,  preceding  and  following  days ; however,  st 
few  hours  more  or  lefs  do  not  make  a material  difference*  The 
refults  of  thefe  comparifons  are 
D.  H.  Ms 

. 7 4 mi 

7 4 44f 

7 4 5Si 
.7  4 54i 

7 -4  32 
,7  4 -261 
1 7 4 .32 

7 4 42i 

,7  4 43“) 

7 4 2.6 
7 4 2 iif 

On  a mean  7 4 38—  length  of  a lingle  period. 

■ '»■■■■  "* 

As  this  approaches  the  mod:  to  the  .preceding  refult,  it  may  be 
alfumed  as  neared:  the  truth,  provided  the  changes  be  uni* 
4ormly  periodical. 

Hitherto  the  opinion  of  aftaonortiers  concerning  the  changes 
of  Algol’s  light  feem  to  be  very  un fettled ; at  lead:  none  are 
univerfally  adopted,  though  various  are  the  hypothefes  to 
account  for  it ; fuch,  as  fuppofing  the  flar  of  fome  other  than 

afpherical 
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s pherical  form,  or  a large  body  revolving  round  it,  or  with 
feveral  dark  fpots  or  fmall  bright  ones  on  its  furface,  alfo  giv- 
ing an  inclination  to  its  axis,  &c. ; though  moft  of  thefe  con- 
jectures with  regard  to  Algol  be  attended  with  difficulties,  fome 
of  them  combined  do,  I think,  account  for  the  variation  of 
vi  Antinob 

Thofe  perfons  who  are  accuftomed  to  examine  the  ftars  atten- 
tively will  not  be  furpnfed  to  find,  that  Mr.  Goodricke  and  I 
do  not  always  perfectly  agree  in  our  obfervations  ; thefe  fmall 
differences  in  the  magnitudes  of  the  ftars  are  very  difficult  to  be 
afcertained  with  the  naked  eye,  which  has  often  made  me  la- 
ment,'Ave  had  not  fome  contrivance  for  determining  their  relative 
brightnefs,,  and  even  X attempted  feveral  methods,  but  did  not 
purfue  them  with  fufficient  attention  and  diligence  to  obtain 
any  fatisfa&ory  refults ; neverthelefs  I ftiall  juft  mention  them, 
as  perhaps  fomebody  elfe  may  overcome  thofe  difficulties, 
which  to  me  appeared  fo  very  confiderable. 

1.  In  177 8 X had  fmall  pieces  of  fine  glafs  ftained  with  dif- 
ferent ffiades,  which  being  applied  to  the  eye  end  of  a telefcope, 
I could  eafily  find  what  degree  of  ffiade  was  recpiifite  to  efface 
ftars  of  different  brightnefs  ; and  thus  I obferved  fome  of  the 
ftars  and  planets. 

2.  Diaphragms  were  attempted ; but,  befides  other  diffi- 
culties, they  did  not  efface  ftars  of  the  firft  magnitude. 

3.  A method  which  pleafed  me  much,  and  perhaps  may  not- 
prove  unfuccefsful,  is,  by  putting  the  ftars  out  of  the  focus  of 
a telefcope  till  they  become  invifible;  this- is  performed  by 
drawing  the  eye-tube  of  a refraflor  either  in  or  out ; the  point 
of  focal  diftance  being  previoufly  determined,  the  brighter  the 
ftar  the  greater  length  of  tube  muft  be  ili'd  either  in  or  out  to 
efface  it;  thus  I was  in  hopes  of  determining  their  magni- 

z tildes,- 
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■tucles,  and  for  that  purpofe  had  in  1776  divifions  engraved  on 
the  eye-  tube  of  a refrador ; but  found  that  its  high  magnify- 
ing .powers  prevented  ftars  of  the  hr  ft  and  fecond  magnitude 
becoming  inviftble. 

Laftly,  I am  inclined  to  think  the  following  method  practi- 
cable, viz.  to  refledl  in  a telefcope,  by  means  of  an  illumina- 
tor, different  degrees  of  light  in  a known  proportion,  fo  that 
ftars  of  all  magnitudes  may  be  obliterated. 

The  changeable  ftate  of  the  weather  will  perhaps  be  thought 
a confiderable  obftacle  to  thefe  contrivances,  and  to  throw  doubt 
on  the  obfervations  j but  this  may  be  fufficiently  obviated  by 
attending  to  fmall  telefcopic  ftars,  which  according  to  the 
clearnefs  of  the  atmofphere  are  more  or  Ms  diftindly  feen. 

I beg  the  favour  of  you,  dear  Sir,  to  prefen  t thefe  obferva- 
dons  to  the  Royal  Society ; and  believe  me,  with  the  greateft 
regard,  See. 

fork,  Dec,  5,  1784.  EDWARD  PIGOTT. 
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VUL  Agronomical  Obfervations . In  two  Letters  from  M. 
Francis  de  Zach,  Profejfor  of  Mathematics , W Member  oj 
the  Royal  Academies  of  Sciences  at  Marfeilles,  Dijon,  and 
Lyons,  to  Mr . Tiberius  Cavallo,  F.  R.  S . 

Read  December  23,  1784. 

s 1 K,  Lyons,  April  4,  1783. 

T SEND  you  the  account  of  the  ohfervations  on  the  eclipfe 
A of  the  moon,  which  I have  made  together  with  the  rev. 
Father  le  Fevre,  Aflronomer  at  Lyons,  in  the  Obfervatory 
called  au  grand  College  ; to  which  I ib'all  add  the  obfervations  of 
the  vernal  equinox  j fome  obfervations  on  Jupiter  s fatelhtes, 
made  at  Marfeilles  by  M.  Saint  Jacques  de  Sylvabelle  ; 
and,  lafidy,  a new  folution  of  a problem  that  occurs  in  com- 
puting the  orbits  of  comets.  If  you  think  that  thefe  obferva- 
tions do  in  any  way  deferve  the  notice  of  the  Royal  Society,  I 
Ihall  be  very  glad  you  would  communicate  them.  In  order  to 
afcertain  the  going  of  the  pendulum  clock,  I took  feveial  cor- 
refponding  altitudes  of  the  fun,  which  you  will  find  in  the  fol- 
lowing table.  On  the  day  of  the  ecliple  the  fky  was  very 
ferene,  nothing  could  be  finer,  and  it  continued  fo  dunng  the 
obfervation.  I determined  to  ufe  an  achromatic  telefcope  or 
3!  feet  length,  that  fhews  objeds  in  their  natural  pofition,  be- 
caufe  the  diluted  and  uncertain  termination  of  the  true  fhadow 
of  the  earth  appears  more  perfectly  defined  by  fmall  than  by 
Vol,  LXXV0  T ^rge 
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large  telefcopes,  which  magnify  too  much,  and  give  too  great  a 
trail  fit  between  the  penumbra  and  the  true  dark  ihadow.  On 
that  account  fome  celebrated  aftronomers  advife  to  ufe  for  the 
eclipfes  of  the  moon  no  greater  telefcopes  than  of  four  or  five 
feet  length.  It  was  remarked  at  Paris,  that  in  an  eclipfe  of 
the  moon,  obferved  through  a telefcope  of  D©LLOND,the  focus 
of  its  objed  lens  being  30  inches,  and  likewife  through  a tele- 
fcope of  five  feet  length  ; the  eclipfe  appeared  to  begin  4'  7" 
fooner,  and  to  end  4'  7"  later,  through  the  final!  tham 
through  the  long  telefcope;  the  like  has  been  remarked  by 
feveral  others,  and  it  has  been  alfo  obferved  by  myfelf.  As  to 
my  obfervations  I am  tolerably  fatisfied  with  them,,  as  they  do  not 
differ  materially  from  thofe  of  Father  le  Fevre,  though  it  is* 
known  that  in  eclipfes  of  the  moon  no  greater  exadnefs  than 
that  of  a minute  can  be  obtained.  The  moon’s  fpots  were 
carefully  obferved;  for  it  is  known,  that  the  mean  of  the  ob- 
fervations of  the  moon’s  fpots  is  fuffieient  to  afcertain  the 
longitude  of  a place  to  4"  or  5"  nearly.  M.  de  la  Lande 
comparing  the  obfervations  of  the  moon’s  fpots  in  an  eclipfe,. 
made  the  22d  of  November,  1760,  in  Vienna,  by  the  Impe- 
rial Aftronomer  Abbe  Hell,  with  thofe  made  at  the  fame 
time  in  Paris  by  M.  Messier,  finds  the  difference  of  meri- 
dians to  be  56'  13T  which  agrees  very  exadly  with  that  afcer- 
tamed  by  other  means. 


Correfpondent 


Correfpondent  altitudes  of  the  Sun  taken  with  a quadrant  of  three-feet  radius,  In  order  to 

adjuft  the  pendulum  clock  to  apparent  time. 
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The  mean  of  which  I put  19'  32 
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' 

191I1  March,  1783. 

Sun’s 

Altit. 

111:  oblcrva- 
tion. 

Sun’s 

Alt. 

ild  obler- 
vation. 

The  fun’s  upper  limb  at  the  horizontal  ~i 
wire  of  the  firffc  telefcope  on  the  eaftern  > 
fide  J 

O / 

h. 

1 

// 

O 

h. 

/ 

// 

31  3° 

9 

1 

33 

9 

23 

9 

Sun’s  upper  limb  at  the  fame  altitude  on  1 

H 

47 

the  weftern  fide  of  the  meridian  - J 

3i 

14 

20 

33 

Dividing  the  fum  by  2 

23 

33 

43 

2 3 

33 

42 

Sun’s  center  on  the  meridian  as  marked  by  ] 

46 

5ri 

the  pendulum  c^ock  J 

1 1 

1 1 

46 

5i 

Equation  of  the  day 

12 

7 

57 

12 

7 

57 

Clock  flower  than  equated  folar  time 

0 

21 

6 

0 

21 

6 

/ // 

Clock  flower  than  equated  folar  time  19th  March  21  6 

— — — - 1 8th  March  19  32 

Retarding  of  the  clock  upon  23  b.  q8'  8"  - 1 34 

I obferved  too  the  mid-day  at  the  great  gnomon  of  the  ob- 
fervatory,  and  found  at  the  fame  time  the  meridian  line  erro- 
neous by  19",  as  you  will  find  in  the  following  tables. 


h*  / // 

h.  , „ 

h.  ; j / 

When  the  center  of  the  fun’s  -j 

the 

the 

the 

image  was  on  the  meridian  the  > 

17  th 

ri  5°  5° 

1 8 th 

II  48  46 

19  th 

1 1 47  3 

time  pointed  by  the  clock  was  9 

Mar. 

Mar. 

Mar. 

Equations  of  thofe  days 

U 

12  8 33 

12  8 15 

12  7 57 

Retarding  on  equuted  folar  time 

17  43 

19  19 

the 

20  54 

Retarding  the  17  th 

- 

17  43 

1 8th 

19  J9 

Retarding  of  the  clock  during  thofe  24.  hours 

I 36 

i-  35- 

I fixed  therefore  the  retarding  of  the  dock  T 35". 


True 
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1 4 1. 


True  mid-dav  concluded  by  the  fun’s  correfpon- 1 
dent  altitudes  as  the  clock  marked  J 

Equation  of  the  mid-day 

Retarding  of  the  clock  at  the  rate  of  i'  35"  1 
per  24  hours  - J 

True  mid-day  the  pendulum  clock  fliould  1 
have  marked  - J 

Mid-day  concluded  at  the  gnomon  of  the] 
obfervatoty  - J 

Difference,  the  error  of  the  meridian  line  j 


or  gnomon 


h.  , „ 

the 

the 

1 8th 

11  48  42 

19th 

Mar. 

- 18 

Mar. 

+ 13 

11  48  37 

■ 

/ 

11  48  56 

19 

h-  / u 
II  46  51 

— 18 

+ II 


n 46  44 
11  47  3 


19 


From  thence  I concluded, 


j n 

Mid-day  at  true  folar  time  11  59  60 
Mid-day  the  clock  fiiould  ] j g 
have  marked  on  the  1 8th  J ^ 37 


Retarding  upon  true  folar  1 
time  J 


ir  23 


/ // 

Mid-day  atequated  folar  time  12  8 15, 

Mid-day  the  clock  fhould]  g. 
have  marked  on  the  1 8th  / 11  ^ 37 


Retarding  upon  equated! 
folar  time  - I 


I9,  3?5 
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Obfarvatlons  of  the  iiiootfs  eclipfe  the  1 8th  March,  1783.. 


My  observations  with  an  achromatic  teleicope  of 
feet  length. 

Time  markec 
by  the  clock. 

True  or  ap- 
parent time. 

I M M E R S I ON  S. 

The  beginning  of  the  eclipfe  very  doubtful. 

h 

/ 

it 

h. 

/ 

Shadow  touches  Grimaldi 

7 

45 

7 

53 

39 

Grimaldi  all  in  the  fhadow 

7 

42 

54 

7 

54  48 

Shadow  touches  Mare  Humorum 

7 

49 

32 

8 

1 

27 

'Copernicus 

8 

0 

21 

8 

12 

16 

Copernicus  all  in  the  fhadow 

8 

2 

29 

8 

14 

24 

Tycho  touches  the  fhadow 

8 

6 

18 

8 

18 

13 

Eudoxus  

8 

12 

*9 

8 

24 

15 

— all  in  the'fhadow 

8 

13 

43 

8 

25 

39 

Mare  Serenitatis  touches  the  fhadow 

8 

16 

7 

8 

2h 

3 

the  fliadow  in  the  middle 

8 

21 

3l 

8 

33 

27 

«** * all  in  thefhadow 

8 

25 

54 

8 

37 

50 

Proclus  touches  the  fliadow 

8 

32 

21 

8 

44 

18 

Mare  Criflum  touches  the  fliadow 

8 

33 

29 

8 

45 

26 

.. fliadow  in  the  middle 

8 

3?  36 

8 

47 

33 

all  in:the  fliadowr 

8 36  56 

8 48 

53 

Total  immerflon  - 

8 38  57 

8 

5°  55 

E Mt  E RSI  O N S. 

Beginning  of  the  emerfion 

10 

*9  57 

10 

32 

2 

Grimaldi-emerging  - ^ 

10 

23 

33 

10 

35  38 

all  out  of  the  fhadow 

10 

24 

9 

10 

36  14 

Mare  -Humorum  emerging 

10 

29 

34 

10 

41 

39 

Total  emerfion  of  Mare  Humorum 

10 

35 

37 

10 

47 

43 

Copernicus  all  out  of  the  fliadow 

10 

43 

6 

10 

55 

12 

Mare  Serenitatis  all  emerged 

10 

57 

32 

11 

9 

39 

Mare  Criflum  all  emerged 

11 

15  44 

1 1 

27 

51 

End  of  the  eclipfe 

11 

20 

10 

11 

32 

18 

Total  duration 

3 

39 

0 

Father 
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Father  le  Fevre’s  obfervations  with  a refledlor  55  inches 
focal  length,  magnifying  300  times. 


* ; t 

Time  by  the 
clock. 

Apparent 

time. 

IMMERSIONS. 

h. 

/ 

h. 

Grimaldi  touches  the  fhadow 

7 

41 

43 

7 

53 

37 

Kepler  touches  the  fhadow 

7 

52 

2 

8 

0 

0 

57 

— all  in  the  fhadow 

7 

53 

24 

8 

5 

19 

Copernicus  touches  the  fhadow 

8 

0 

22 

8 

j 2 

17 

all  in  the  fhadow 

8 

2 

26 

8 

14. 

2 1 

Mare  Serenitatis  touches  the  fhadow 

8 

16 

7 

8 

28 

2 

• all  in  the  fhadow 

8 

26 

2 

8 

37 

O : 

58 

Mare  Crifium  touches  the  fhadow 

8 

33 

28 

8 

45 

25 

all  in  the  fhadow 

8 

36 

56 

8 

48 

53 

Total  immerfion  - - 

8 

38 

54 

8 

50 

52 

EMERSIONS.  K 

Beginning  of  theeroerfion 

10 

r9 

42 

10 

31 

47 

Grimaldi  emerged 

10 

23 

24 

10 

35 

20 

Kepler  ail  out  of  the  fhadow 

10 

35 

43 

10 

47 

40 

Copernicus  all  out 

10 

43 

4 

JO 

45 

10 

Mare  Serenitatis  all  out  - 

10 

57 

19 

1 1 

0 

26 

Crifium  all  out  - 

1 1 

15 

50 

1 1 

27 

S7 

End  of  the  ecliple  * 

M 

20 

22 

1 1 

22 

30 

Total  duration  - 

3 

39 

J 

20 

The  obfervation  of  the  vernal  equinox  was  made  at  the 
gnomon.  The  height  of  this  gnomon,  taken  from  the  center 
of  the  hole  by  which  the  beams  of  the  fun  come  in,  is  1878 
lines  of  a French  inch ; the  diflan ce  from  the  bottom  of  the 
: gnomon  to  the  equinodial  point  is  1928  ; the  diflance  from  the 
upper  limb  of  the  fun’s  image  to  the  equinodlial  point  was 
i found  16,7  ; the  diflance  from  the  under  limb  23,4  ; the  dia- 
meter of  the  hole  = 6 ; therefore  the  diflance  from. the  bottom 
to  the  upper  limbi 928  - 16,7  + 3 = 1914,3,  to  the  under  limb 
1928  + 23,4  - 3 = 1 948,4  ; which  gives  the  time  the  equi- 
1 nox  happened  the  20th  of  March,  5 h.  56'  P.M. 

4-  Obfervations, 
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Obfervations  of  Jupiter’s  fatellites  at  Marfeilles* 


<N 

OO 

Apparent 

Obferva* 

time. 

tion. 

April  3 

Imrnerfion  of  the  lit  fatellite  at 

h*  / n 

2 22  56 

good 

May  19 

Imm.  Ift  fat.  - - 

2 48  12 

good 

June  7 

Imm.  IVth  fat.  was  not  total,  but  its  light  diminilhed  fenfibly  witfiout 

ever  difappearing ; the  Iky  was  ferene,  and  Jupiter  ^ad  fIX 

belts  very 

diftin£lly. 

20 

Emerfion  df  the  III  fatellite 

1 29  46 

good 

My  5 

Em.  Ift  fat.  - - - 

11  43  59 

good 

Em.  lid  fat*  - 

9 17  28 

good 

20 

Em.  Hid  fat.  - 

9 27  I3 

good 

20 

Em.  lid  fat.  - - 

n 59 

good 

21 

Em.  Ill  fat.  - 

10  in 

good 

27 

Imm.  Hid  fat.  - - 

10  40  33 

good 

Aug.  6 

Em.  Ill  fat.  ----- 

8 21  20 

good 

*3 

Em.  Ill  fan  - - 

10  18  49 

good 

14 

Em.  lid  fat.  - - 

8 55  39 

good 

Sept.  1 

Em.  Illd  fat.  - - - 

9 4°  44 

doubtful 

H 

Em.  Ift  fat,  - >•  - 

8 6 48 

good 

IT  is  known,  that  the  indirect  method  to  calculate  the  orbits 
of  comets  in  a conic  fe&ion,  by  means  of  three  obfervations 
given,  is  rendered  more  eafy  and  expeditious  if  there  is  a poffi- 
bility  of  drawing  a graphical  figure  that  reprefents  nearly  the 
orbit  under  confideration,  by  means  of  which  the  calculation 
is  direfled,  and  the  required  elements  of  the  comet’s  path  may 
be  -rigoroufly  determined.  To  draw  the  orbit  of  a comet  that 
moves  in  a parabola  or  ellipfis,  the  problem  is  reduced  to  find 
the  pofition  of  the  axis  and  the  perihelial  diftance  ; this  pofi- 
tion  of  the  axis  will  be  determined  as  foon  as  the  angle  is 
known,  that  the  axis  forms  with  another  line,  whofe  pofition 
is  given  ; this  line  may  be  an  ordinate  to  a given  point  of  the 
curve,  or  a tangent,  or  a radius  ve&or,  &c.  The  latter  is  to 

n be 
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be  employed  in  preference,  becaufe  the  perihelial  diflance  being 
a conflant  quantity,  the  angle  of  pofition  then  becomes  the  true 
anomaly  of  the  comet;  but  as  the  data  of  this  problem  are 
only  geocentric  longitudes  and  latitudes  of  the  comet,  de- 
duced from  the  immediate  obfervations  of  right  afcenfion  and 
declination,  the  heliocentric  longitudes  and  latitudes  mud: 
firfl  be  calculated  ; but  as  thofe  data  are  not  fufficient,  what  is 
not  given  mud:  be  arbitrarily  fuppofed,  v/%.  the  fhortened  dif- 
tancesf difiantias.  curtatasyThis  fuppofition  is  changed  and  altered 
until  the  calculation  will  agree  with  the  three  obfervations, 
then  the  difference  between  two  longitudes  is  the  angle  com- 
prehended between  the  two  fhortened  diflances  in  the  plane  of  the 
ecliptic ; the  whole  reduced  to  the  plane  bf  the  comet’s  orbit  by 
means  of  the  heliocentric  latitude,  gives  the  difference  between 
the  anomalies  comprehended  by  two  radius  vectors,  the  problem 
then  is  reduced : two  radius  vectors  being  given,  with  the  angle 
comprehended,  to  find  the  two  true  anomalies,  the  perihelial 
diftance,  and  the  time  the  comet  puts  in  running  its  anomalies. 

Let  therefore  T 25  reprefent  the  ecliptic  at  an  infinite  dif- 
tance ; QPR  the  apparent  elliptical  or  parabolical  path  of  a co- 
met; S the  fun’s  center;  P the  comet’s  perihelion  *,  T the  place  of 
the  earth  when  the  comet  was  firfl  obferved  in  C ; I the  earth’s 
place  when  the  comet  was  obferved  in  K ; ST  = d,  SI  = S,  the 
diflances  from  the  earth  to  the  fun  at  the  firfl  and  fecond  obfer- 
vation  known  by  aflronomical  tables ; let  Cm  and  Yin  be  two 
perpendiculars  to  the  plane  of  the  ecliptic,  it  will  be  Sm  ~ uy 
Sn  = u the  two  fliortened  diflances. 

The  obferved  geocentric  longitude  of  the  comet  in  Tcza~ arc  T VyG  ; 
the  obferved  geocentric  longitude  of  the  comet  in  I~ a~are  V vyH 
the  geocentiic  longitude  of  the  fun  by  tables  in  T~£~arc 
tire  geocentric  longitude  of  the  fun  by  tables  in  I~$~arc  vy-=s=B, 

Vol.,  LXXV.  U 


Now 
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Now  for  the  fM  obfervation  the  angle  of  elongation  is  b~a% 
for  the  angle  ATG  = arc  AG  =*  t yy«a»  A - v yj  G — lonmo  - lon^v 
comet.  ~b  — a% 

-the  angle  of  the  annual  parallax  SzzzT — / > 

1 u y 

o° 

the  angle  of  commutation  //zST  = lgoo  - e-\-  (b  — a)  ~-f ; 

from  whence  the  heliocentric  longitude  of  the  comet  — 

£ — i 8 o°  + / = g. 

The  lame  at  the  fecond  obfervation  in  L 


Angle  of  elongation  --  (3  — & * 

Angle  of  annual  parallax  e — — ' ; 

Angle  of  commutation  <p~  j go0  — £ + (/3  — a)  ; 
heliocentric  longitude  of  the  comet  in  I = (3  - 1 8a°  + 
putting  now  the  heliocentric  latitude  feen  from  S — k ; 

the  geocentric  latitude  feen  from  T ~ l y 

the  heliocentric  latitude  will:  be  ^ — tangv/f; 

the  'fame  with  Khz  it  will  be  — n-.°  ’ tai:ig\  - = tang.  « heliocentric 

an.  (p— »)  ° 

latitude  in 


Having  thus  determined  the  heliocentric  latitudes  of  t~wo> 
obfervations,  the  radius  vectors  will  eafily  be  found  in  the  fup- 
pofition  made  for  the  Shortened  difhlices,.  for  they  are  in  the. 
fame  ratio  .to  the  radius  v.eflors  as  the  cofme  of  the  heliocen- 
tric latitudes. are  to  the  radius  — i ; therefore  the  radius  vector 


• « U' 

m of  the  frrff obfervation  will  be— — and  the  radius  vector  of 

coi.  k 
xy 

the  fecond  obfervation  a-—— 

* cof.  x 

Taking* now  the  difference  between- the  found,  heliocentric' 
longitudes,.  we  get' the  heliocentric  motion' of  the  comet  upon 
the  ecliptic  between  two  Shortened  diftances,  which  is  to  be; 
reduced  upon  the  comefs  orbit,  this  heliocentric  motion  is 
therefore  y ~-g  =?  m.  Now. to  reduce  this  motion  we. have,  firfl, 

firms 
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-finus  tot  us  = 1 is  to  cofine  m ::  as  cotangent  k is  to  the  tan- 
;gent  of  an  angle  which  I put  = n,  and  90 °-k^n  will 
give  an  angle  which  I put  = q.  Lafily,  the  analogy 

cof.  n : cof.  q ;;  (in.  k \ will  give  the  cofine  of  an  angle  ipf 
which  is  the  required  motion  upon  the  orbit,  or  the  angle 
comprehended  between  the  two  radius  vedlors  m and  yJm  Let 
therefore  ECPMND  be  the  apparent  parabolic  path  of  a comet ; 
S the  fun’s  center ; M and  N two  places  of  the  comet,  the  angle 
MSN  equal  to  its  motion  in  longitude,  or  the  comprehended 
angle  ij' ; P the  perihelion it  .is  required  to  find  the  two  ano- 
malies PM,  PN,  that  is,  PSM  and  PSN,  the  perihelial  dif- 
■tance  SP,  and  the  time  the  comet  employed  to  -come  from  its 
perihelion  P to  M aid  N.. 

Refolution. 


SM  ~m 
•SN  ~ - 
MSN  = 4; 

N SB  tr:  .v 
MSB  = (4/*=*) 
Parameter—^ 


In  the  right-angled  triangleSMRand  SNVwe  have 
MR  = OS=wfin.  (ip±v)  NV  - QS^fin.  v ; 
therefore  OP™  Ip  - m (fin.  $ =±=  *)  and  PQyr 
fin-.  x ; but  by  the  nature  of  the  parabola 
we  haveSM- AP  4-  POandSN =AP  + PQ;  that  is 
m v:  \p  — rn  (fin.  p = | p-^.^  fin.  x 

m + m (fin . i^=±z x)  z=.ip  fin.  x—\p 

m ( 1 *f  fin.  4'—*)  = | p.  y (1  =p  fin.  x)  = § p 

and  1 -f- fin.  (4'=*=*)=^  1 — fin.  x s £-•  by 

2 u 


2 m 


putting  into  a fum  1 + fin.  (4/  =±=  x)  -f  1 rt  fin.  x + ~ , red uc- 

v ' 2 in  2t**  UL 


tion  made  2-rfin.  * + fin.  (iP=±=x)  = (~f)p;  but  by  trigono- 
metrical formula?  we  have  fin.  (4^*)r:iin.  $ cof.  Xdtzfin.  x 
■cof.  4>.  Substituting  this  expreffion  in  its  place  we  obtain, 

2 fin.  a1  -f-  fin.ij/cof.vdrfin.  x oof.i[/  = ^ P • By  the  fame 
formulae  we  have  cof.1  x-i  - fin.2  x and  cpf.  a*  = v/i  — find  vl. 

^ 2 Sub- 
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The  angle  defines  therefore  the  pofition  of  the  axis  and 
-the  two  anomalies  required,  the  perihelial  diftance  being 
p *=  2(adb:  2y.  fill,  x,  it  will  be  known  alfo  by  the  angle  x. 

In  order  to  find  the  time  the  comet  employs  in  running  its 

x.  J O 

anomalies,  let  the  perihelial  diftance  juft  now  inveftigated  p be 
-equal  to  the  radius  of  the  earth’s  orbit,  the  parabolic  area 
fwept  by  the  radius  vector  will  be  by  the  nature  of  the  para- 
bola f PO  x OM  + i SO  x GM  = £5L*JM  + 3£ o_x__QM  . N 

6 

the  periphery  of  the  earth’s  orbit  is  7 : 22  ;;  2/:  — />; 


4-4-  o 2 

therefore  the  whole  area  ~p>ip-~  p 2*  It  is  known  that  the 
velocity  of  a heavenly  body  mewed  in  a circular  path,  is  to 
the  velocity  in  a parabolic  path  in  the  ratio  s/ 2 : 1 . If  the  pa- 
rabolic area  of  the  comet  is  divided  by  s/ 2 it  comes  out 

-J— -.T — equal  to  an  area  that  the  earth  defenbes  111 

6^  2 

the  very  fame  time';  put  therefore  A equal  to  the  time  of  a 
fide  real  year,  we  fhall  recover  the  analogy ; the  whole  area  of 
the  earth’s  orbit  is  to  the  time  in  which  it  is  deferibed  as  the 
parabolic  area  is  to  the  time  con  fumed  in  fweeping  it;  therefore 
f i A ::  <£^_3So)_mo  . taupo  + 3S0) mo  ^ QM 
7 6^2  * 72/^2 

SM  . fin.  anom.  PSM  and  OS  = SM  . cof.  anom.  PSM ; let 
‘-the  anomaly  be  — S,  we  have  QM  — m fin.  ^ and  OS—  m c of. 
■-therefore  PO  =2  p — m cof.  £.  Subflituting  we  obtain 

7 A (4p~ cof.  £-f  cof.  fj  m fin.  -?  TTq.qcq  y 7 A (4-p  — m cof.  o)  m fin.  £ 

- ~ 2z  -i^r  9 


7 2 A 


72  p 


whereby  the  time  is  found  in  parts  of  a fidereai  year. 

I am,  &c. 


SIR, 


i 
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S 1 R, 


Lyons,.  May-  4,  1783. 


LATELY  I received  from  the  Obfervatory  at  Mar  fellies  the 
ohlervation  of  the  trail  fit  of  Mercury,  which  happened  the  12th 
Nov.  1782.  The  Iky  not  being  very  favourable,  only  the  two  in- 
ternal con  tafts  were  obferved  ;■  the  fir  ft  internal  coil  tad:  was  ob» 
ferved  by  M.  St.  Jacqu.es  de  Sylvabelee,  at  3 h.  iW  30" 
apparent  time the  laft  internal  contadby  M.  St.  Jacques,  at 
4 h.  30'  1 6" ; by  M.  Bernard,  his  Adjundus,  at  4 h.  2^  T3T. 
The  neareft  diftances  of  Mercury’s  limb  to  that  of  the  fun  in 
the  northern  part  of  its  difk  were  at 

i,i  / // 

3 33  Ml  31 

3 42  57 [ 34 

4 22  j 7 j 19. 


[ parts-  of  the  micrometer.. 


The  apparent  diameter  of  the  fun  was  2174  parts  of  this  mi- 
crometer r I fuppofe  the  before.- mentioned  21 74  parts  = 32/ 
26L9.  1J  conclude  farther,,  by  the  obfervations,  the  middle  of 
the  tranfit  at  3 h.  54/  7", 25,  whereas  I fix,  by  interpolation, 
the  diftances  of  the-  limbs  at  3I1.,. 54.'’  7^, 25  r=3y//r6^  I have 
therefore  femi- diameter  of  the  fun  — 161  — 35^6  = 

1 5''  3l" $ 4-femi-diameter  of  Mercury  — 6//  1 ^ 43  v, 8 — to  the 
leaft  diftance  of  centers  of  the.  fun  and  Mercury.  By  M.  de 
la  LaN'DeV  tables- it  is  1 5-'  42/y,  only  a difference  of 

M..W  allot  at  Paris  has  obferved  this  tranfit  at  the.  Roy  ah 
Obfervatory, . 


* t it 

Firft  external  contad-  2 56  28 
Eirft  internal  contad  3 2 3 

Second  - - 4 17  18 

Second  external  ~ 4,  22  53^ 


5> 


*5* 
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I only  add  an  important  remark  upon  the  diameter  of  Mer- 
cury, which  the  aftronomers  fuppofed  in  this  tranfit  — \z" . 

Let  ABC  reprefent  the  fun’s  difk  ; in  P an  external  in  Q^an 
internal  con  tad;  ANC  the  apparent  path  of  Mercury  over  the 
fun. 

The  femi-diameter  of  the  fun=r  972^,  this  of  Mercury  in  our 
fuppofition  = 6",  MN~  942"  the  leaf:  diftances  of  the  centers. 
In  the  right-angled  triangle  MNP  it  is  MP  = 972"  *f  6"  ~ 97%", 
MQ=:9727/  — 6//  = g66// ; therefore  NP  will  be  founds  260'' 
and  NQ  = 2 1 o" : now  NP  — NQ=  PQj=  50",  which  converted 
into  time  gives  8'  1 4"  for  the  time  the  diameter  of  Mercury  em- 
ployed to  run  over  the  limb  of  the  fun ; but  by  the  obfervations 
of  M.  Willot  I find  this  time  conftantly  in  both  contads 
5'  35";  therefore  8/  14"  : i2v  ::  5'  3-5"  : 8",  137,  which 
fhould  be  the  diameter  of  Mercury ; and  indeed  M.  Wallot, 
by  an  immediate  meafure,  taken  with  an  excellent  wire-micro- 
meter, finds  this  apparent  diameter  not  greater  than  9^,  which 
fufficiently  fhews  that  this  diameter  fuppofed  7"  in  the  mean 
didance  is  alfo  too  great. 

lam,  See. 


/ 


$$  ojf-or-c,  Sr, . 


J’// //<<,(.  T/v/tJf.  / W,  LAX  I '.TahXl./i  />?- 
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IX.  Obfervations  of  a new  Variable  Star,  By  John  Goodricke, 
Efq. ; communicated  by  Sir  H.  C.  Englefield,  Bart . F,  R,  S, 
and  A,  S, 


Read  January  27,  1785. 

TO  SIR  H.  C.  ENDLEFIELD,  BART. 

\ 

DEAR  S I Rs  York,  Jan.  10,  1785. 

THE  account  that  has  been  lately  given  of  the  regular 
variation  of  Algol’s  light,  and  the  notice  aftronomers 
have  been  pleafed  to  take  of  it,  are  well  known.  It  is  natural 
therefore  to  fuppofe,  that  the  relation  of  other  fimilar  phaeno- 
mena  may  alfo  meet  with  the  fame  favourable  reception.  Of 
this  kind  is  the  following,  which  I beg  the  favour  of  you  to 
prefent  to  the  Royal  Society. 

On  the  10th  of  September,  1784,  whilfl  my  attention  was 
dire&'ed  towards  that  part  of  the  heavens  where  (3  Lyrae  was 
fituated,  I was  furprifed  to  find  this  ftar  much  lefs  bright  than 
ufual,  whereupon  I fufpe&ed.that  it  might  be  a variable  ftar: 
my  fufpicions  were  afterwards  confirmed  by  a feries  of  obfer- 
vations, which  have  been  regularly  continued  fince  that  time, 
and  which  will  prefently  follow  in  their  proper  place.  At  firffc 
I thought  the  light  of  this  ftar  fubjeft  to  a periodical  variation 
of  nearly  fix  days  and  nine  hours , though  the  degree  of  its  di- 
minution did  not  then  appear  to  be  conftant ; but  now,  upon  a 
more  clofe  examination  of  the  obfervations  themfelves,  I am 
Yol9  LXXV.  X inclined 
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inclined  to  think,  that  the  extent  of  its  variation  is  twelve  days 
a?id  nineteen  hours , during  which  time  it  undergoes  the  fol- 
lowing changes. 

1.  It-  is  of  the  third  magnitude  for  about  two  days. 

2.  It  diminifhes  in  about  one  day  and  a quarter. 

3.  It  is  between  the  fifth  and  fourth  magnitude  for  lefs  than 
a day. 

4.  It  increafes  in  about  two  days. 

5.  It  is  of  the  third  magnitude  for  about  three  days. 

6.  It  diminifhes  in  about  one  day. 

7.  It  is  fomething  larger  than  a ftar  of  the  fourth  magnitude 
for  little  lefs  than  a day. 

8.  It  increafes  in  about  one  day  and  three  quarters  to  the  firfl 
point,  and  fo  completes  a whole  period. 

Thefe  eight  points  of  the  variation  are  perhaps  inaccurately 
afcertained  ; and  indeed  it  cannot  be  expected  to  be  otherwife  in 
eflimations  of  this  nature,  where  it  is  very  poffible  to  err  even 
feveral  hours. 

The  relative  brightnefs  of  /3  Lyrae,  at  its  obfeuration  in  the 
third  and  feventh  points,  is  nearly  as  follows.  When  in  that  of 
the  third  point,  it  is  lefs  than  f and  x,  and  nearly  equal  to 
l Lyrae ; and  when  in  that  of  the  feventh  point,  it  is  rather 
lefs  than  £ and  6 Herculis,  and  much  brighter  than  £*,  x,  and 
L Lyrae.  At  its  greateff  brightnefs  in  the  firft  and  fifth  points, 
it  is  fometimes  brighter  than  y Lyrae,  but  lefs  than  /3  Cygni, 
and  fometimes  only  nearly  equal  to  it ; but  in  thofe  points  it 
feems  to  alter  in  its  brightnefs  feveral  times  in  the  fame  night, 
and  that  generally  in  a pretty  conliderable  degree.  However, 
this  may  perhaps  be  only  owing  to  fome  fallacy  of  obfervation  ; 
for  I have  often  perceived,  that  the  relative  brightnefs  of  flars 
is*  affected  not  only  by  the  different  ftates  of  the  air,  but  alfo  by 

their 
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their  change  of  pofition  occafioned  by  the  earth’s  diurnal 
motion,  and  that  particularly  in  ftars  of  a great  altitude. 

The  magnitudes  of  the  fiars,  to  which  (3  Lyrae  was  com- 
pared during  the  progrefs  of  its  variation,  are  as  follows. 
(3  Cygni  and  y Lyrae  of  the  third  magnitude  ; J and  8 Herculis 
of  between  the  fourth  and  third  magnitude ; 0 Herculis  is 
fomething  lefs  than  a ftar  of  the  fourth  magnitude*;  jc,  and 
$ Lyrre  are  flars  of  between  the  fourth  and  fifth  magnitude,  if 
not  nearer  the  fifth.  The  relative  brightnefs  of  thefe  ffars 
follows  the  order  in  which  they  are  fet  down. 

1 

Qbfervations  of  the  brightnefs  and  magnitude  of  (3  Lyrae. 

1784,  Sept.  10.  At  1 1 h.  =*=,  much  lefs  than  y Lyrae; 
nearly  equal  to,  if  not  rather  brighter  than  x,  and  3 Lyrae, 
and  not  fo  bright  as  £,  8,  and  0 Herculis ; between  the  fourth 
and  fifth  magnitude. 

Sept.  11.  At  8|  h.  nearly  the  fame  as  it  was  laft  night,  if 
not  brighter ; indifferent  obfervation. 

Sept*  1 2.  At  8|  h.  and  9 h.  between  the  third  and  fourth 
magnitude ; lefs  than  y Lyrae,  brighter  than  8,  £,  and  0 Her- 
culis, and  much  brighter  than  x,  and  $ Lyrae.  Mr.  E. 
Pi  got  t agrees  with  me  nearly. 

Sept.  13,  15,  18,  19,  and  20.  It  was  at  or  near  its  greateft 
brightnefs. 

Sept.  23.  At  7 1 h.  it  was  nearly  equal  to  f,  xt  and  l Lyrae, 
and  much  lefs  than  8 , and  0 Herculis. 

At  1 of  h.  the  air  being  extremely  clear,  I compared  it  more 
attentively  to  the  neighbouring  ftars,  and  found  it  as  follows  : 
rather  a little  brighter  than  £ a little  lefs  than  £*,  and  rather 
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lefs  than  x Lyras.  Mr.  E.  Pigott  thought  it  had  rather  in- 
creafed  from  8|  to  1 1 h. 

Sept.  24.  At  13I  h.  certainly  brighter  than  it  was  lad;  night? 
but  intervening  clouds  precluded  all  further  obfervation. 

Sept.  28.  At  10  h.  not  quite  fo  bright  as  y Lyras,  but  rather 
brighter  than  9 and  £ Herculis.  Mr.  E.  Pigott  thought  it 
nearly  equal  to  ^ Lyras. 

Sept.  29.  At  7 1 h.  not  fo  bright  as  y Lyras. 

At  8f  h.  to  1 of  h.  nearly  equal  to  £ and  9 Herculis ; but  if 
any  thing  it  feemed  rather  lefs  than  £,  and  rather  brighter  than 
9;  about  the  fourth  magnitude. 

At  1 1 1 h.  to  1 2 1 h.  the  fame,  if  not  lefs ; I could  not  compare 
it  well  to  £ and  5,  becaufe  they  were  low ; moon-light,  but  the 
air  was  clear. 

Sept.  30.  At  7 h . rather  lefs  than  9 , if  not  equal  to  it ; a 
little  lefs  than  £,  and  brighter  than  0 Herculis ; about  the 
fourth  magnitude. 

At  11  h.  and  izfh.  it  feemed  to  be  on  its  increafe,  bein<y 
for  the  mod  part  larger  than  £ and  9 Herculis. 

Od.  1 and  2.  About  its  greeted  brightnefs,  but  lefs  than 
y Lyras.  Mr.  E.  Pigott  thought  it  brighter  on  the  2d 
than  on  the  id,  being  on  the  2d  nearly  equal  to  y Lyras. 

O&.  4.  At  1 of  h.  I thought  it  rather  lefs,  but  the  weather 
wTas  hazy. 

Od.  5.  At  6 1 h.  not  fo  bright  as  £ and  9 Plerculis  ; a little 
brighter  than  and  brighter  than  Land  ^ Lyras;  air  clear. 

At  9I  h.  nearly  equal  to  £*,  and  a little  brighter  than  Hand  k 
Lyras. 

At  12!  h.  a little  lefs  than  nearly  equal  to  x,  and  rather  a 
little  brighter  than  £ Lyras ; between  the  fourth  and  fifth  mag- 
nitude ; air  very  clear. 
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0(9:.  6.  At  6%  h.  and  7I  h,  .lefs  than  J'and  %,  and  a little  lefs 
than  $ Lyras ; between  the  fifth  and  fourth  magnitude. 

061.  7.  At  64  h.  between  the  fourth  and  third  magnitude; 
a little  brighter  , than  6,  and  nearly  equal  to  { Herculis ; much 
brighter  than  (6,  k,  and  £ Lyras ; I obferved  it  till  12I  h.  when 
it  was  certainly  increafed. 

At  7 1 h.  Mr.  E.  Pigott  thought  it  brighter  than  J and  Q 
Herculis. 

061.  8.  At  8 h.  nearly  equal  to  y Lyras  ; on  account  of  the 
intervening  clouds,  I could  not  perceive  which  was  larged: ; 
third  magnitude. 

06L  9.  At  7 h.  rather  lefs  than  y Lyras. 

061.  10.  At  7 h.  nf  h.  and  ieh.  nearly  equal  to  y , if 
not  rather  lefs. 

061.  11.  At  8 h.  10  h.  and  12  b.  rather  lefs  than  y;  at 
12  h.  if  any  difference,  lefs  than  it  was  laid  night. 

061.  15.  At  8 h.=±=  nearly  equal  to,  * though  rather  lefs 
than,  y Lyras. 

061  16.  At  6|  h.  and  9!  h.  little  lefs  than  y , if  not  equal 
to  it. 

At  1 1 h.  rather  larger  than  y,  but  the  weather  was  foggy. 
Mr.  E.  Pigott  agrees  with  me  in  both  obfervations. 

061.  17.  At  6|  h.  and  7 h.  fomewhat  lefs  than  y Lyras. 

Oct.  18.  At  6 1 h.  between  the  fourth  and  fifth  magnitude; 
brighter  than  % and  J1,  and  rather  brighter  than  £ Lyras;  good 
cbfervation. 

At  9 f h.  I thought  it  was  decreafed,  being  equal  to  f and 
rather  brighter  than  x Lyras.  Mr.  E.  Pigott  alfo  thought  it 
was  decreafing. 

061.  19.  At  6|  h.  it  was  rather  lefs  than  q and  x , and 
brighter  than  Lyras. 
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At  8 1 h.  nearly  the  fame,  if  not  increafed. 

Oft,  20.  At  6\  h.  rather  brighter  than  £ and  9 Herculis, 
and  between  the  fourth  and  third  magnitude. 

At  8 1 h.  and  1 1 h.  I thought  it  was  increafed,  but  it  was 
lefs  than  y Lyrae  ; between  the  third  and  fourth  magnitude. 

Oft.  22.  At  6 h.  8 h.  and  9 h.  nearly  equal  to  y Lyrae. 

Off.  23.  At  6 h.  8 h.  and  1 1 h.  rather  lefs  than  y , though 
nearly  equal  to  it. 

Off.  24.  At  6|  h.  and  1 1 h.  lefs  than  y Lyrae,  and  brighter 
than  | and  9 Herculis;  at  8 h.  Mr.  E.  Pigott  thought  it 
rather  lefs  than  y Lyrae. 

Off.  25.  At  6 h.  8 h.  and  1 1 h.  nearly,  though  perhaps  not 
quite  equal  to  9 Herculis ; lefs  than  £ Herculis,  and  brighter 
than  f and  l Lyrae;  about  the  fourth  magnitude.  At  6|  h* 
Mr.  E.  Pigott  thought  it  rather  brighter  than  9 and  0 
Herculis. 

Off.  26.  At  6 h.  and  1 1 h.  brighter  than  9 and  | Herculis, 
but  lefs  than  y Lyrae. 

Off.  27.  At  6I1.  and  8f  h.  brighter  than  it  was  laft  night, 
but  ffill  lefs  than  y Lyrae ; much  brighter  than  J and  9 Her- 
culis; the  moon  was  at  its  full. 

Oft.  28.  At  8 h.  ± rather  lefs  than  y Lyrae. 

Off.  29.  At  9I  h.  nearly  equal  to,  though  rather  brighter 
than  y Lyrae ; I faw  them  but  for  a Ihort  time  on  account  of 
clouds  coming  on. 

Off.  31.  At  8 h.  between  the  fifth  and  fourth  magnitude; 
lefs  than  £ and  x,  and  brighter  than  § Lyrae.  Mr.  E.  Pigott 
thought  it  equal  to  Z,  Lyrae  at  8|  h. 

Nov.  1.  At  6|h.  between  the  fourth  and  fifth  magnitude; 
rather-  brighter  than  f,  and  brighter  than  x and  d Lyrae. 

Nov.  3.  At  5I  h.  little  lefs  than  y Lyrae. 
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Nov.  6.  At  8 h.  rather  lefs  than  y Lyras,  and  brighter 
than  9 Herculis.  Mr.  E.  Pigott  thought  it  nearly  equal  to  y 
Lvras. 

J 

Nov.  7.  At  7 h.  and  io|  h.  much  lefs  than  y Lyras; 
nearly  equal  to,  if  not  rather  brighter  than,  9 Herculis,  and 
rather  lefs  than  | Herculis;  between  the  fourth  and  third  mag' 
nitude. 

Nov.  10.  At  1 of  h.  nearly  equal  to  y Lyras.  Mr.  E. 
Pigott  thought  it  not  quite  fo  bright  as  y at  1 1 h. 

Nov.  11.  At  5!  h.  and  7 h.  a little  brighter  than  y Lyrse  ; 
afterwards  I rather  thought  them  equal,  though  (3  appeared 
for  the  mod:  part  fomething  brighter.  At  1 1 h.  and  12  h they 
appeared  nearly  equal.  At  7 h.  Mr.  E.  Pigott  thought  it  was 
lefs  than  y , if  there  was  any  difference. 

Nov.  12.  At  6|  h.  8§  h.  and  10  h.  much  lefs  than  y Lyrs, 
but  brighter  than  J and  9 Herculis ; between  the  fourth  and 
third  magnitude. 

Nov.  13.  At  6f  h.  and  10  h.  equal  to,  if  not  rather  lefs 
than  £*,  lefs  than  x,  and  brighter  than  $ Lyrse ; between  the 
fifth  and  fourth  magnitude.  At  5I  h.  Mr.  E.  Pigott  thought 
it  rather  brighter  than  f Lyrae. 

Nov.  16.  At  7!  h.  little  lefs  than  y.  At  10  h.  certainly  a 
little  brighter  than  it. 

Nov.  17.  At  6 h.  rather  brighter  than  y.  At  8f  h.  9!  h. 
and  1 of  h.  brighter  than  y,  and  lefs  than  (3  Cygni. 

Nov.  18.  At  9 h.  10  h.  and  19  h.  juft  the  fame. 

Nov.  19.  At  6l  h.  and  8 h.  lefs  than  y Lyras,  and  brighter 
than  9 and  | Herculis ; between  the  third  and  fourth  magnitude. 
At  10  h.  fomething  brighter  than  9 Herculis. 

Nov.  20.  At  7 h.  8 b.  and  iol  h.  rather  lefs  than  J,  and 
rather  brighter  than  9 Herculis ; between  the  fourth  and  third 
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magnitude.  At  i8|  h.  I thought  it  was  increafed  ; obferved  in 

twilight. 

Nov.  2i.  At  7 h.  fomething  brighter  than  Q and  | Herculis. 

Nov.  25.  At  7 b.  lefs  than  y Lyrae,  and  brighter  than  Q 
Herculis;  between  the  fourth  and  third  magnitude.  At  9!  h. 
I thought  it  was  decreafed,  being  now  of  the  fourth  mag- 
nitude. 

Nov.  26.  At  9 h.  dz  much  lefs  than  y,  and  of  between  the 
fourth  and  fifth  magnitude ; but  the  weather  was  too  hazy, 
and  the  moon-light  too  flrong,  to  obferve  well. 

Nov.  29.  At  7I  h.  and  8 h.  rather  brighter  than  y Lyras. 
Mr.  Edw.  Pigott  thought  it  nearly  equal  to  y at  8 h. 

Nov.  30.  At  8 1 h.  and  io|  h.  brighter  than  y Lyrae,  and 
lefs  than  / 3 Cygni ; air  clear. 

Dec.  4.  At  5I  h.  6f  h.  and  iof  h.  lefs  than  y Lyrae,  and 
brighter  than  9 Herculis ; between  the  third  and  fourth  mag- 
nitude. Mr.  E.  Pigott  thought  it  nearly  equal  to  y at  6f  h. 

Dec.  9.  At  8 h.  much  lefs  than  y Lyrae,  and  brighter 
than  £ Lyrae  ; about  between  the  fourth  and  fifth  magnitude. 
At  i8|  h.  it  was  increafed,  and  nearly  equal  to  0 Herculis ; but 
lefs  than  9 and  J ; not  quite  of  the  fourth  magnitude. 

Dec.  11.  At  6 h.  and  8 h.  lefs  than  y Lyrse,  and  brighter 
than  Q and  J Herculis.  At  8|  h.  9§h.  and  i8|h.  nearly 
equal  to,  though  rather  lefs  than  y. 

Dec.  12.  At  5 h.  and  6 h.  nearly  equal  to  y,  though  rather 
lefs. 

Dec.  13.  At  5!  h.  and  9!  h.  fomething  brighter  than  y. 

Dec.  14.  At  7 h.  and  8|  h.  rather  brighter  than  y. 

Dec.  17.  At  5!  h.  lefs  than  y Lyras,  and  brighter  than 
6 and  J Herculis.  At  7I  h.  nearly  equal  to  y,  though  rather 
lefs. 
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Dec.  19.  At  9 h.  I believe  it  was  brighter  than  ys  but  the 
'weather  was  not  very  favourable. 

At  19  h.  little  lefs  than  7. 

Dec.  ’20.  At  5|h.  lefs  than  y Lyrae,  and  brighter  than 
■Q  and  | Herculis.  At  6|  h.  nearly  equal,  though  rather  lei's 
than  7 Lyle. 

Dec.  21.  At  8 h.  much  lefs  than  7.  and  coniiderably 
brighter  than  f Lyras;  not  quite  of  the  fourth  magnitude. 

At  18  h.  a little  brighter  than f and  jc,  and  brighter  than  l 
Lyras ; between  the  fourth  and  fifth  magnitude. 

Dec.  28.  At  6h.  lefs  than  y and  brighter  than  0 Herculis : 
between  the  "third  and  fourth  magnitude.  At  8I1.  nearly  equal 
to  Q Herculis ; between  the  fourth  and  third  magnitude. 

1 785,  Jan.  5.  At  5$h.  about  equal  to  Q Herculis ; fourth 
magnitude. 

Jan.  6.  At  5I  h.  between  y Lyric  and  d Herculis,  hut  rather 
nearer  7.  At  8|  h.  it  feemed  a little  brighter  than  y. 

From  the  above  feries  of  obfervations  I have  deduced  all  the 
conclufions  relative  to  the  eight  points  of  the  variation,  as  they 
are  hated  in  the  beginning  of  this  paper.  However,  as  at  fir  ft  it 
•may  not  clearly  appear,  that  the  ftar  has  a more  confiderable 
diminution  in  the  third  point  than  in  the  feventh,  it  will  not 
be  Improper  to  add  a few  words  relating  to  that  circumftance  : 
for  proof  of  it,  therefore,  I refer  to  an  attentive  comparifon  of 
the  obfervations  of  Sept.  10.  Sept.  23.  Oft.  5 and  6.  Oft. 
18  and  19.  &c.  correfponding  to  the  third  point  of  the  varia- 
tion with  thofe  of  Sept.  29  and  30.  Oft.  25.  Nov.  7 and 
19,  &c.  correfponding  to  the  feventh  point  of  the  varia- 
tion. It  may  be  objefted,  that  in  fome  of  the  obfervations  of 
the  feventh  point,  the  ftar  might  have  become  ft  ill  more  di- 
minifhed  in  the  intermediate  hours;,  but  this  is  not  probable, 
Vol,  LXXV.  Y becaufe 
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becaufe  in  that  point  the  bar  has  been  obferved  of  about  the 
fourth  magnitude  at  intervals  much  fhorter  than  in  the  third 
point,  fo  that,  if  it  had  continued  to  diminifh,  its  diminution 
would  have  proceeded  at  a more  rapid  rate,  which  ftill  fhews 
that  there  is  at  lead  a difference  between  thefe  two  points. 

With  regard  to  the  period  of  the  variation,  it  is  evident 
from  a collation  of  the  preceding  obfervations  in  a coarfe  way, 
that  it  is  nearly  twelve  days  and  three  quarters.  To  determine  it 
with  greater  accuracy  is  a fubjedfc  of  conliderable  difficulty,  in 
the  prefent  cafe  ; for  unlefs  we  can  obtain  very  exadt  points  of 
comparifon,  the  period  would  come  out  erroneous,  efpecially 
if  deduced  from  intervals  confiding  of  only  a very  few  periods, 
as  is  the  cafe  here.  However,  as  I have  been  able  to  obtain  a 
few  obfervations  of  the  middle  of  its  obfcuration  in  the  third 
point  accurate  enough  for  our  purpofe,  I have  formed  the  fol- 
lowing calculation. 


Times  of  the  middle  of  its  obfcuration 
in  the  third  point. 


h. 

d. 

h. 

061. 

6 

1 1 only  a bugle  period  of 

12 

21 

— 

18 

22J 

Odt. 

18 

22 1 D°  — 

12 

*7 

— 

3l 

oa. 

6 

1 1 two  periods,  each  of 

12 

*9 

— 

3T 

15^ 

Hence  the  period  on  a mean  is 

I 2 

19 

In  afcertaining  the  above  times,  I attended  particularly  to 
the  neared  obfervations  both  preceding  and  following.  In  the 
manner  above  dated  the  period  may  alfo  be  deduced  from  the 
middle  of  its  obfcuration  in  the  feventh  point ; but  as  thefe 

obfervations  are  not  fo  exadt  as  the  above,  I ffiall  only,  as  a 

.further 
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further  confirmation,  compare  two  of  the  moft  diflant  cf 
them,  viz.  Sept.  29.  22  h.  and  Nov.  20.  6 h.  which  interval  I 
find  contains  fix  periods,  each  of  1 2 d.  20  h.  =fc. 

I have  it  in  my  intention  to  ptirfue  the  fubjeff  further,  and 
when  I have  got  a fufficient  number  of  obfervations,  it  will 
be  eafy  to  determine  the  period  with  greater  exaffnefs,  and 
alfo  at  the  fame  time  to  afcertain  the  other  particulars  of  the 
variation  with  more  precision.  In  the  mean  while  I with  that 
this  account  may  be  confidered  as  being  yet  imperfect ; hot  I 
was  induced  to  fend  it  in  its  prefent  ffate,  in  hopes  that  other 
aftronomers  may  contribute  by  their  obfervations  to  the  eluci- 
dation' of  this  phenomenon. 

As  (3  Lyre  is  a quadruple  far,  N°  3.  of  Mr.  Herschel’S 
Vth  Clafs  of  Double  Stars  *,  I was  defirous  to  fee  if  any  of 
thefmall  liars  near  it  would  be  affefted  by  its  different  changes  % 
but  they  feemed  not  to  buffer  any  alteration,  either  when  it 
was  at  its  greateff  or  at  its  leaf!  brightnefs.  I attended  to  this 
the  more  particularly  becaufe  the  lofs  of  the  flat’s  light  was 
very  confiderable,  and  the  phenomenon  feemed  to  be  occafioned 
by  a rotation  on  the  liar’s  axis,  under  a fuppofition  that  there 
are  feveral  large  dark  fpots  upon  its  body,  and  that  its  axis  is 
inclined  to  the  earth’s  orbit. 

I muff  not  omit  mentioning  here  that  Mr.  Herschel, 
amongff  thofe  ftars  which  he  fuppofeS  to  have  undergone  an 
alteration,  reckons  (3  or  ^Lyrse  ; becaufe  he  obferved  that  y was 
much  larger  than  (3,  while  Flamsteed  marks  both  of  the 
fame  magnitude  *f*.  It  may  alfo  be  added,  as  fhewing  that  0 
Lyrae  varied  in  former  times,  that  Hevelius,  in  his  Catalogue, 
differs  from  Flamsteed,  and  marks  y of  the  third  magnitude* 

* Phil.  Tranf.  for  1782,  p.  142. 

"f  Phil.  Tranf.  for  1783,  p.  256. 
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and  (3  of  between  the  fourth  and  third.  I have,  however,, 
dome  doubts  whether  the  variation  of  this  ftar  does  net  entirely 
ceafe  or  become  l'efs  vifible  in  certain  years.  Thefe  doubts  arife 
from  dome  obfervations  of  Cassini  in  Phil.  Tranf.  N°  73, 
p.  2 1 98.  where  I find  that  in  obferving  the  new  ftar,  which, 
then  appeared  near  the  beak  of  the  Swan,  he  compared  it  very 
frequently  for  upwards  of  a month  to  (3  and  y Lyrs,  yet 
without  perceiving,  or  even  fufpe&ing,  that  (3  was  variable^, 
though  it  was  eafy  for  him  to  have  perceived  it,  if  the  varia- 
tion had  then  been  even  lefs  than  it  is  now. 

I.  am, 

JOHN  GOODRICKE, 
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X.  On  the  Motion  of  Bodies  affected  by  FriBion . By  the  Rev* 
Samuel  Vince,  A . M.  of  Cambridge ; communicated  by 
Anthony  Shepherd,  D.  D.  F . R.  S.  Plumian  Profejfor  of 
Afronomy  and  experimental  Philofophy  at  Cambridge, 

Read  November  25,  1784.. 

THE  fubjedt  of  the  paper  which  I have  now  the  honour 
of  prefenting  to  the  Royal  Society,  feems  to  be  of  a 
very  confiderable  importance  both  to  the  practical,  mechanic 
and  to  the  fpeculative  philofopher  to  the  former, . as  a know- 
ledge of  the  laws  and  quantity  of  the  fridtion  of  bodies  in  motion 
upon  each  other  will  enable  him  at  fir  ft  to  render  his  machines 
more  perfedt,  and  fave  him  in  a great  meafure  the  trouble  of 
corredting  them  by  trials  v and  to  the  latter,  as  thofe  laws 
will  furnifti  him  with  principles  for  his  theory,  which  when 
eftablifhed  by  experiments  will  render  his  conclufions  appli- 
cable to  the  real  motion  of  bodies  upon  each  other.  But,  how- 
ever important  a part  of  mechanics  this  fubjedt  may  conftitute, 
and  however,  from  its  obvious  ufes,  it-  might  have  been  ex- 
pedited to  have  claimed  a very  confiderable  attention  both  from 
the  mechanic  and  philofopher,  yet  it  has,  of  all  the  other  parts 
of  this  branch  of  natural  philofophy,  been  the  moft  negledted. 
The  law  by  which  the  motions  of  bodies  are  retarded  by  fric- 
tion has  never,  that  I know  of,  been  truly  eftablifhed^ 
Musschenbroek  fays,  that  in  final!  velocities  the  fridtion  varies 
very  nearly  as  the  velocity,  but  that  in  great  velocities  the  fridtion 
increafes  ; he  has  alfo  attempted  to  prove,  that  by  increafing 
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the  weight  of  a body  the  fridtion  does  not  always  increafe  exactly 
in  the  fame  ratio  j and  that  the  fame  body,  if  by  changing  its 
pofition  you  change  the  magnitude  of  the  furface  on  which  it 
moves,  will  have  its  quantity  of  friction  alfo  changed.  Hel- 
sham  and  Ferguson,  from  the  fame  kind  of  experiments, 
have  endeavoured  to  prove,  that  the  friction  does  not  vary  by 
changing  the  quantity  of  furface  on  which  the  body  moves ; 
and  the  latter  of  thefe  aflerts,  that  the  fridtion  increafes  very 
nearly  as  the  velocity;  and  that  by  in  creating  the  weight, 
the  fridtion  is  increafed  in  the  fame  ratio.  Thefe  different  con- 
clufions  induced  me  to  repeat  their  experiments,  in  order  to  fee 
how  far  they  Were  conciuhve  in  refpedt  to  the  principles  de- 
duced from  them  : when  it  appeared,  that  there  was  another 
caufe  operating  befides  fridtion,  which  they  had  not  attended 


to,  and  which  rendered  all  their  deductions  totally  inconclufive. 
Of  thofe  who  have  written  on  the  theory,  no  one  has  effa- 
blifhed  it  altogether  on  true  principles  : Euler  (whofe  theory 
is  extremely  elegant,  and  which,  as  he  has  fo  fully  confidered 
the  fubjedt,  would  have  precluded  the  neceffity  of  offering  any 
thing  further,  had  its  principles  been  founded  on  experiments) 
fuppofes  the  fridtion  to  vary  in  proportion  to  the  velocity  of  the 
body,  and  its  preflu  re  upon  the  plane,  neither  of  which  are 
true:  and  others,  who  have  imagined  that  friction  is  a uni- 
formly retarding  force  (and  Which  conjedture  will  be  confirmed 
by  our  experiments),  have  ftill  retained  the  other  fuppofition, 
and  therefore  rendered  their  folutions  not  at  all  applicable  to 


the  cafes  for  which  they  were  intended.  I therefore  endea- 
voured by  a let  of  experiments  to  determine, 

iff,  Whether  friction  be  a uniformly  retarding  force ; 

2 illy,  The  quantity  of  fritlion. 
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^diy,  Whether  the  friction  varies  in  proportion  to  th$  prejfure 
or  weight. 

4thly,  Whether  the  friffion  be  the  fame  on  whichever  of  its  fur- 
faces  a body  moves. 

The  experiments,  in  which  I was  affifted  by  my  ingenious 
friend  the  Rev.  Mr.  Jones,  Fellow  of  Trinity  College,  were  made 
with  the  utmoft  care  and  attention,  and  the  feveral  refulta 
agreed  fo  very  exactly  with  each  other,  that  I do  not  fcruple  to 
pronounce  them  to  be  conclufive. 

2.  A plane  was  adjufled  parallel  to  the  horizon,  at  the  extre- 
mity of  which  was  placed  a pulley,  which  could  be  elevated  or 
deprefled  in  order  to  render  the  firing  which  connected  the 
body  and  the  moving  force  parallel  to  the  plane.  A fcale  accu- 
rately divided  was  placed  by  the  fide  of  the  pulley  perpendi- 
cular to  the  horizon,  by  the  fide  of  which  the  moving  force 
defcended  $ upon  the  fcale  was  placed  a moveable  flage,  which 
could  be  adjufled  to  the  fpace  through  which  the  moving  force 
defcended  in  any  given  time,  which  time  was  meafured  by  a 
well  regulated  pendulum  clock  vibrating  feconds.  Every  thing 
being  thus  prepared,  the  following  experiments  were  made  to 
afcertain  the  law  of  friflion.  Rut  let  me  firfl  obferve,  that  if 
fri&ion  be  a uniform  force,  the  difference  between  it  and  the 


given  force  of  the  moving  power  muff  be  alfo  uniform,  and 
therefore  the  moving  body  muff  defcend  with  a uniformly  ac- 
celerated velocity,  and  confequently  the  fpaces  defcribed  from 
the  beginning  of  the  motion  muff  be  as  the  fquares  of  the 
times,  juft  as  when  there  was  no  fridlion,  only  they  will  be 
diminifhed  on  account  of  the  fridlion. 

3.  Exp.  1.  A body  was  placed  upon  the  horizontal  plane, 
and  a moving  force  applied,  which  from  repeated  trials  was  found 
to  defcend  52 \ inches  in  4",  for  by  the  beat  of  the  dock  and 
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the  found  of  the  moving  force  when  it  arrived  at  the  ftage,  the 
fpace  could  he  very  accurately  adjufted  to  the  time;  the  ftage 
was  then  removed  to  that  point  to  which  the  moving  force 
would  defceud  in  3",  upon  fuppofition  that  the  fpaces  defended 
hy  the  moving  power  were  as  the  fquares  of  the  times ; and  the 
fpace  was  found  to  agree  very  accurately  with  the  time ; the 
ftage  was  then  removed  to  that  point  to  which  the  moving 
force  ought  to  defeend  in  2",  upon  the ’fame  fuppofition,  and 
the  defeent  was  found  to  agree  exaSly  with  the  time ; laftly, 
the  ftage  was  adjufted  to  that  point  to  which  the  moving  force 
ought  to  defeend  in  ir\  upon  the  fame  fuppofition,  and  the 
fpace  was  obferved  to  agree  with  the  time.  Now,  in  order  to 
find  whether  a difference  ill  the  time  of  defeent  could  be  ob- 
ferved, by  removing  the  ftage  a little  above  and  below  the  por- 
tions which  correfponded  to  the  above  times,  the  experiment 
was  tried,  and  the  defeent  was  always  found  too  foon  in  the 
former,  and  too  late  in  the  latter  cafe  ; by  which  I was  allured 
that  the  fpaces  firft  mentioned  correfponded  exactly  to  the 
times.  And,  for  the  greater  certainty,  each  defeent  was  repeated 
eight  or  ten  times  ; and  every  caution  ufed  in  this  .experiment 
was  alfo  made  ufe  of  in  all  the  following. 

Exp.  2.  A fecond  body  was  laid  upon  the  horizontal  plane, 
and  a moving  force  applied  which  defeended  41  f inches  in  3"; 
the  ftage  was  then  adjufted  to  the  fpace  correfponding  to  2", 
upon  fuppofition  that  the  fpaces  defeended  through  were  as  the 
fquares  of  the  times,  and  it  was  found  to  agree  accurately  with 
vthe  time  ; the -flage  was  then  adjufted  to  the  fpace  correfpond- 
ing  to  1",  upon  the  fame  fuppofition,  and  it  was  found  to  agree 
-with  the  time. 

Exp.  3.  A third  body  was  laid  upon  the  horizontal  plane,  and 
a moving  force  applied,  which  defeended  594.  inches  in  4/  the 

flage 
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ftage  was  then  adjufted  to  the  fpace  Correfponding  to  f\  upoii 
fuppofition  that  the  fpaces  defcended  through  were  as  the 
fiquares  of  the  times,  and  it  was  found  to  agree  with  the  time  ; 
the  ftage  was  then  adjufted  to  the  fpace  correfponding  to  3", 
upon  the  fame  fuppofition.,  and  it  was  found  to  agree  with  the 
time;  the  ftage  was  then  adjufted  to  the  fpace  correfponding 
to  i'\  and  was  found  to  agree  with  the  time. 

Exp.  4.  A fourth  body  was  then  taken  and  laid  upon  the 
horizontal  plane,  and  a moving  force  applied,  which  defcended 
55  inches  in  4" ; the  ftage  was  then  adjufted  to  the  fpace 
through  which  it  ought  to  defcend  in  3",  upon  fuppofition 
that  the  fpaces  defcended  through  were  as  the  fquares  of  the 
times,  and  it  was  found  to  agree  with  the  time  ; the  ftage  was 
then  adjufted  to  the  fpace  correfponding  to  2",  upon  the  fame 
fuppofition,  and  was  found  to  agree  with  the  time  ; laftly,  the 
ftage  was  adjufted  to  the  fpace  correfponding  to  i//,  and  it  was 
found  to  agree  exaftly  with  the  time. 

Befides  thefe  experiments,  a great  number  of  others  were 
made  with  hard  bodies,  or  fhofe  whofe  parts  fo  firmly  cohered 
as  not  to  be  moved  inter  fe  by  the  friftion  ; and  in  each  experi- 
ment bodies  of  very  different  degrees  of  friftion  were  chofen, 
and  the  refults  all  agreed  with  thofe  related  above;  we  mav 
therefore  conclude,  that  the  Jriclion  of  hard  bodies  in  motion  is  a 
uniformly  retarding  force. 

But  to  determine  whether  the  fame  was  true  for  bodies  when 
covered  with  cloth,  woollen,  &c.  experiments  were  made  in 
order  to  afcertain  it  ; when -it  was  found  in  all  cafes,  that  the 
retarding  force  increafed  with  the  velocity ; but,  upon  covering 
hodies  with  paper,  the  confequences  were  found  to  agree  with 
thofe  related  above. 

Vox.  LXXV.  !Z  " .4.  Having 
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4.  Having  proved  that  the  retarding  force  of  all  hard  bodies 
anting  from  friction  is  uniform,  the  quantity  of  friction,  con- 
iidered  as  equivalent  to  a weight  without  inertia  drawing  the 
body  on  the  horizontal  plane  backwards,  or  acting  contrary  to 
the  moving  force,  may  be  immediately  deduced  from  the  fore- 
going experiments.  For  let  M = the  moving  force  exprefted  by 
its  weight;  F=:the  friaion  ; W — the  weight  of  the  body 
upon  the  horizontal  plane;  8=  the  fpace  through  which  the 
moving  force  defcended  in  the  time  t expreffed  in  feconds ; 

feet;  then  the  whole  accelerative  force  (the  force  of 

gravity  being  unity}  will  be  ^ ^ » hence,  by  the  laws  of  uni- 
formly  accelerated  motions,  = confequently 

F — M - - To  exemplify  this,  let  us  take  the  cafe  of  the 

laft  experiment,  where  M = 7,  W=25i,  S=  4JL  feet,  t — a/  ; 
hence  F = 7 - ?2jX4‘7-=  6.41 7 ; confequently  the  friaion  was 

to  the  weight  of  the  rubbing  body  as  6.4167  to  25*75*  And 
the  great  accuracy  of  determining  the  friaion  by  this  method  is 
manifeft  from  hence,  that  if  an  error  of  1 inch  had  been  made 
in  the  defcent  (and  experiments  carefully  made  may  always  de- 
termine the  fpace  to  a much  greater  exadtnefs}  it  would  not 
have  affe&ed  the  conciufion  ^-^dth  part  of  the  whole. 

5.  We  come  in  the  next  place  to  determine,  whether  fric- 
tion, cateris  paribus , varies  in  proportion  to  the  weight  or 
preflure.  Now  if  the  whole  quantity  of  the  friaion  of  a body, 
meafured  by  a weight  without  inertia  equivalent  to  the  friaion 
drawing  the  body  backwards,  increafes  in  proportion  to  its 
weight,  it  is  manifeft,  that  the  retardation  of  the  velocity  of 

the  body  ariling  from  the  friaion  will  not  be  altered ; for  the 
„ retardation 
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retardation  varies  a 


Quantity  of  fri&ion 


hence,  if  a body  be  put 


ill  motion  upon  the  horizontal  plane  by  any  moving  force,  if 
both  the  weight  of  the  body  and  the  moving  force  be  increafed 
in  the  fame  ratio,  the  acceleration  arifing  from  that  moving 
force  will  remain  the  fame,  becaufe  the  accelerative  force  varies 
as  the  moving  force  divided  by  the  whole  quantity  of  matter, 
and  both  are  increafed  in  the  fame  ratio ; and  if  the  quantity 
of  fri&ion  increafes  alfo  as  the  weight,  then  the  retardation 
arifing  from  the  friftion  will,  from  what  has  been  faid,  remain 
the  fame,  and  therefore  the  whole  acceleration  of  the  body  will 
not  be  altered  ; confequently  the  body  ought,  upon  this  fuppo- 
fition,  fill  to  defcribe  the  famefpace  in  the  fame  time.  Hence, 
by  obferving  the  fpaces  defcribed  in  the  fame  time,  when  both 
the  body  and  the  moving  force  are  increafed  in  the  fame  ratio, 
we  may  determine  whether  the  friftion  increafes  in  proportion 
to  the  weight.  The  following  experiments  were  therefore 
made  in  order  to  afcertain  this  matter. 

Exp.  i.  A body  weighing  io  oz,  by  a moving  force  of  4 oz. 
defcribed  in  2/7  a fpace  of  5 1 inches ; by  loading  the  body  with 
10  oz.  and  the  moving  force  with  4 oz.  it  defcribed  56  inches 
in  2"  ; and  by  loading  the  body  again  with  1 o oz.  and  the 
moving  force  with  4 oz.  it  defcribed  63  inches  in  2". 

Exp.  2.  A body,  whofe  weight  was  16  oz.  by  a moving 
force  of  5 oz.  defcribed  a fpace  of  49  inches  in  3^ ; and  by 
loading  the  body  with  64  oz.  and  the  moving  force  with  20  oz4 
the  fpace  defcribed  in  the  fame  time  was  64  inches. 

Exp.  3.  A body  weighing  6 oz.  by  a moving  force  of  zf  oz. 
delcribed  28  inches  in  2U ; and  by  loading  the  body  with  24 
oz.  and  the  moving  force  with  10  oz.  the  fpace  defcribed  in  the 
fame  time  was  54  inches. 
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Exp.  4.  A body  weighing  8 oz.  by  a moving  force  of  4 oz*. .. 
defcribed  33I  inches  in  2" ; and  by  loading  the  body  with  8 
oz.  and  the  moving  force  with  4 oz.  the  fpace  defcribed  in  the 
fame  time  was  47  inches* 

Exp.  5.  A body  whofe  weight  was  9 oz;  by  a moving  force  of 
4!  oz.  defcribed  48  inches  in  2"  ; and  by  loading  the  body  with. 
9 oz..  and. the  moving  force  with  4!  oz.  the  fpace  defcribed  in 
the  fame  time  was  60  inches. 

Exp.  6.  A body  weighing  10  oz.  by  a moving  force  of  3 oz. 
defcribed  20  inches  in  2/7 ; by  loading  the  body  with  10  ozv 
and  the  moving  force  with  3 oz.  the  fpace  defcribed  in  the  fame 
time  was  31  inches  ; and  by  loading  the  body  again  with  30 
oz.  and  the  moving  force. with  y oz.  the  fpace  defcribed  was 
34  inches  in  z" . 

From,  thefe  experiments,  and  many  others  which  it  is  not 
neceflary  here  to  relate,  it  appears,  that  the  fpace  defcribed  is 
always  increafed  by  increasing  the  weight  of  the  body  and  the 
accelerative  force  in  the  fame  ratio ; and  as  the  acceleration 
arifing  from  the  moving  force  continued  the  fame,  it  is  manifefh, 
that  the  retardation  arifing  from  the  friftion  mull  have  been 
diminifhed,  for  the  whole  accelerative  force  muft  have  been  in- 
creafed  on  account  of  the  increafe  of  the  fpace  defcribed  in  the 
fame  time  ; and  hence  (as  the  retardation  from  friftion  varies  as 

Quantity  of  faNion  \ ^ quantity,  of  fridion  increafes  in  a lefs  ratio 

Quantity  of  matter  / 7 y 

than  the  quantity  of  matter  or  weight  of  the  body. 

6.  We  come  now  to  the  laft  thing  which  it  was  pronoied  to 
determine,  that  is,  whether  the  friction  vanes  by  varying  the  fur- 
face  on  which  the  body  moves.  Let  us  call  two  of  the  furfaces 
A and  d,  the  former  being  the  greater,  and  the  latter  the  lefs. 
Now  the  weight  on  every  given  part  of  d is  as  much  greater 

than 
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than  the  weight  on  an  equal  part  of  A,  as  A is  greater  than  # ; 
if  therefore  the  friflion  was  in  proportion  to  the  weight,  cater  is 
paribus,  it  is  manifeft,  that  the  frihlion  on  a would  be  equal  to  - 
the  friction  on  A,  the  whole  friction  being,  upon  fuch  a fuppo-* 
fition,  as  the  weight  on  any  given  part  of  each  furface  multi- 
plied into  the  number  of  fuch  parts  or  into  the  whole  area, 
which  products,  from  the  proportion  above,  are  equal.  But 
from  the  lad:  experiments  it  has,  been  proved,  that  the  frihtion 
on  any’ given  furface  increafes  in  a lefs  ratio  than  the  weight ; 
confequently  .the  frihtion  on  any  given  part  of  a has  a lefs  ratio 
to  the  fri&ion  on  an  equal  part  of  A than  A has  to  a,  and 
hence  the  fri&ion  on  a is  lefs  than  .the  fridlion  on  A,  that  is, 
the  fmallefl  furface  has  always  the  lead:,  fridtion.  But  as  this 
conclufion  is  contrary  to  the  generally  received  opinion,  I have 
thought  it  proper  to  confirm  the  fame,  by  a fet  of  .experiments. 
But  before  I proceed  to  relate  them*  I will  beg  leave  to  recom* 
mend  to  thofe,  who  may  afterwards  be  induced  to  repeat  them, 
the  following  cautions.,  which  are.  extremely  neceffary  to  be 
attended  to.  Great  care  mud:  be  taken  that  the  two  furfaces 
have  exadlly  the  fame  degree  of  roughnefs ; in  order  to  be 
certain  of  which,  fuch  bodies  mud:  be  chofcn  as  have  no  knots 
in  them,  and  whofe-  grain  is  fo  very  regular  that  when  the 
two  furfaces  are -planed  with,  a fine  rough  plane,  their  rough  - 
nefs  may  be  the  fame,  which  will  not- be  the  cafe  if  the  body 
be  knotty,  or.  the  grain  irregular,  or  if  it  happens  not  to  run 
in  the  fame  diredlion  on  both  furfaces.  When  you  cannot  de-  • 
pend  om  the  furfaces  having  the -fame  degree  of  roughnefs,  the 
bed:  way  will  be  to  paile  fome  fine  rough  paper  :on  each  fur-  • 
Face,  which  perhaps  will  give  a more  equal  degree  of  rough- 
nefs than  can  be  obtained  by  any  other  method.  Now  as  the 
proof  which  I have  already  given  depends  only  on  the  motion  - 

of: 
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of  the  body  upon  the  fame  furface,  it  is  not  liable  to  any  inac- 
curacy of  the  kind  which  the  preceding  cautions  have  been 
given  to  avoid,  nor  indeed  to  any  other,  and  therefore  it  mull 
be  perfectly,  conclufive.  In  the  following  experiments  the 
cautions  mentioned  above  were  carefully  attended  to. 

Exp.  i.  A body  was  taken  whofe  flat  furface  was  to  its  edge 
as  22  : 9,  and  with  the  fame  moving  force  the  body  defcribed 
on  its  flat  fide  33 1 inches  in  2",  and  on  its  edge  47  inches  in 
the  fame  time. 

Exp.  2.  A fecond  body  was  taken  whofe  flat  furface  was  to 
its  edge  as  32  : 3,  and  with  the  fame  moving  force  it  defcribed 
on  its  flat  flde  3 a inches  in  2",  and  on  its  edge  it  defcribed  37 \ 
inches  in  the  fame  time. 

Exp.  3.  I took  another  body  and  covered  one  of  its  furfaces, 
whofe  length  was  9 inches,  with  a fine  rough  paper,  and  by 
applying  a moving  force,  it  defcribed  25  inches  in  2" ; I then 
took  off  fome  paper  from  the  middle,  leaving  only  of  an  inch 
at  the  two  ends,  and  with  the  fame  moving  force  it  defcribed 
40  inches  in  the  fame  time. 

Exp.  4.  Another  body  was  taken  which  had  one  of  its  fur- 
faces,  whofe  length  was  9 inches,  covered  with  a fine  rough 
paper,  and  by  applying  a moving  force  it  defcribed  42  inches 
in  2" ; fome  of  the  paper  was  then  taken  off  from  the  mid- 
dle, leaving  only  14  inches  at  the  two  ends,  and  with  the  fame 
moving  force  it  defcribed  54  inches  in  x" ; 1 then  took  off 
more  paper,  leaving  only  5 of  an  inch  at  the  two  ends,  and 
the  body  then  defcribed,  by  the  fame  moving  force,  60  inches 
in  the  fame  time. 

In  the  two  laft  experiments  the  paper  which  was  taken  off 
the  furface  was  laid  on  the  body,  that  its  weight  might  not  be 
altered. 


Exp. 
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Exp.  5.  A body  was  taken  whofe  flat  furface  was  to  its  edge 
as  30  : 1 7 ; the  flat  tide  was  laid  upon  the  horizontal  plane,  a 
moving  force  was  applied,  and  the  ftage  was  fixed  in  order  to 
flop  the  moving  force,  in  confequence  of  which  the  body 
would  then  go  on  with  the  velocity  acquired  until  the  fridion 
had  deftroyed  all  its  motion;  when  it  appeared  from  a mean  of 
12  trials  that  the  body  moved,  after  its  acceleration  ceafed, 
5.4  inches  before  it  flopped.  The  edge  was  then  applied,  and  the 
moving  force  defcended  through  the  fame  fpace,  and  it  was 
found,  from  a mean  of  the  fame  number  of  trials,  that  the 
fpace  defcribed  was  74  inches  before  the  body  loft  all  its  motion, 
after  it  ceafed  to  be  accelerated. 

Exp.  6.  Another  body  was  then  taken  whofe  flat  furface  was 
to  its  edge  as  60  : 19,  and,  by  proceeding  as  before,  on  the  flat 
furface  it  defcribed,  at  a mean  of  1 2 trials,  54.  inches,  and  on 
the  edge  644  inches,  before  it  flopped,  after  the  acceleration 
ceafed.  t 

Exp.  7.  Another  body  was  taken  whofe  flat  furface  was  to 
its  edge  as  26  ; 3,  and  the  fpaces  defcribed  on  thefe  two  fur- 
faces,  after  the  acceleration  ended,  were,  at  a mean  of  10 
trials,  41  and  7JL  inches  refpedively. 

From  all  thefe  different  experiments  it  appears,  that  the 
fmalleft  furface  had  always  the  leaft  fridion,  which  agrees 
with  the  confequence  deduced  from  the  confideration  that  the 
fridion  does  not  increafe  in  fo  great  a ratio  as  the  weight ; we 
may  therefore  conclude,  that  the  fridion  of  a body  does  not  con- 
tinue the  fame  when  it  has  different  furfaces  applied  to  the  plane  on 
which  it  moves , but  that  the  fmallejl  furface  will  have  the  leaf 
f riel  ion. 

7.  Having  thus  eftablifhed,  from  the  moft  decifive  experi- 
ments, all  that  I propofed  relative  to  fridion,  I think  it  proper, 

before 
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before  i conclude,  to  give  the  refult  of  my  examination  into 
the  nature  of  the  experiments  which  ‘have  been  made  by- 
others;  which  were  repeated,  in  order  to  fee  how  far  they 
were  conclufive  in  refped  to  the  principles  which  have  been 
. deduced  from  them.  The  experiments  which  have  been  made 
; by  all  the  authors  that  I have  feen,  have  been  thus  inftitutedo 
To  find  what  moving  force  wTouid  juft  put  a body  at  reft  in 
i motion  : and  they  concluded  from  thence,  that  the  accelerative 
force  was'  then  equal  to  the  fridioa;  but  it  is  manifeft,  that 
any  force  which  will  put  a body  in  motion  muft  be  greater 
i fhan  the  force  which  oppofes  its  motion,  otherwifc  it  could  not 
f overcome  it ; and  hence,  if  there  were  no  other  objedion  than 
this,  it  is  evident,  that  the  fiidion  could  not  be  very  accurately 
obtained ; but  there  is  another  objedion  which  totally  deftroys 
the  experiment  fo  far  as  it  tends  to  fhow  the  quantity  of  fric- 
tion, *■ which  is  the  ftrong  cohefton  of  the  body  to  the  plane' 
when  it  lies  at  reft ; and  this  is  confirmed  by  the  following' 
experiments,  ift,  A body  of  iaf  oz.  was  laid  upon  an  hori- 
zontal plane,  and  then  loaded  with  a weight  of  8 lb.  and  fuch 
a moving  force  was  applied  as  would,  when  the  body  was  juft 
■put  in  motion,  continue  that  motion  without  any  acceleration, 
in  which  cafe  the  fridion  muft  be  juft  equal  to  the  accelerative 
force.  The  body  was  then  flopped,  when  it  appeared,  that  the  feme 
moving  force  which  had  kept  the  body  in  motion  before,  would 
not  put  it  in  motion,  and  it  was  found  neceftary  to  take  off 
4i  oz.  from  the  body  before  the  fame  moving  force  would  put 
it  in  motion ; it  appears,  therefore,  that  this  body,  when  laid 
upon  the  plane  at  reft,  acquired  a very  ftrong  cohefion  to  it. 
adly,  A body  whofe  weight  was  1 6 oz.  was  laid  at  reft  upon  the 
horizontal  plane,  and  it  was  found  that  a moving  force  of  6 oz. 
/would  juft  putnt  in  motion;  but  that  a moving  force  of  4 oz. 

would 
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mouldy  when  it  was  juft  put  in  motion,  continue  that  motion 
without  any  acceleration,  and  therefore  the  accelerative  force 
xnuft  then  have  been  equal  to  the  fri&ion,  and  not  when  the 
moving  force  of  6 oz.  was  applied. 

From  thefe  experiments  therefore  it  appears,  how  very 
confiderable  the  cohefion  was  in  proportion  to  the  fri&ion  when 
the  body  was  in  motion  ; it  being,  in  the  latter  cafe,  almoft 
q,  and  in  the  former  it  was  found  to  be  very  nearly  equal  to 
the  whole  friction.  All  the  conclufions  therefore  deduced  from 
the  experiments,  which  have  been  inftituted  to  determine  the 
fri&ion  from  the  force  neceffary  to  put  a body  in  motion  (and  I 
have  never  feeti  any  defcribed  but  upon  fuch  a principle)  have 
manifeftly  been  totally  falfe ; as  fuch  experiments  only  fhew 
the  refiftance  which  arifes  from  the  cohefion  and  friftion  con- 
jointly. 

8.  I fhall  conclude  this  part  of  the  fubjeet  with  a remark 
upon  Art.  5.  It  appears  from  all  the  experiments  which  I have 
made,  that  the  proportion  of  the  increafe  of  the  fridtion  to  the 
increafe  of  the  weight  was  different  in  all  the  different  bodies 
which  were  made  ufe  of ; no  general  rule  therefore  can  be  efta- 
biifhed  to  determine  this  for  all  bodies,  and  the  experiments 
which  I have  hitherto  made  have  not  been  fufficient  to  deter- 
mine it  for  the  fame  body.  At  fome  future  opportunity,  when 
I have  more  leifure,  I intend  to  repeat  the  experiments  in  order 
to  eftablifh,  in  fome  particular  cafes,  the  law  by  which  the 
quantity  of  friction  increafes  by  increafing  the  weight.  Leaving 
this  fubjedt  therefore  for  the  prefent,  I fhall  proceed  to  eftablifh 
a theory  upon  the  principles  which  we  have  already  deduced 
from  our  experiments. 
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Lot  e>  fy.  g,  (tig.  i .)  reprefent  either  a cylinder , or  that  circular- 
fiction  of  a body  on  which  it  rolls  down  the  inclined  plane  CK  'm 
eohfe  queue  e of.  its  fridtion , to  find  the  time,  of  defeent  and  the 
number  of  revolutions. 

As  it  has  been  proved  in  Art.  5.  that  the  fridtion  oFa  body 
does  not  kicreafe  in  proportion  to  its  weight  or  preffure,  we 
cannot  therefore,  by  knowing  the  fridtion  on  any  other  plane9  . 
determine  the  fridtion  on  CA  ; the  friction  therefore  on  CA  can 
only  be  determined  by  experiments  made  upon  that  plane,  that : 
is,  by  letting  the  body  defeend  from  reft,  and  obferving  the 
fpace  dfefcribed  in  the  firft  fecond  of  time ; . call  that  fpaCe  -ar 
and  then,’  as  by  Art.  3..  fridtion  is  a uniformly  retarding  force, 
the  body  muft  be  uniformly  accelerated,  and  consequently  the 

whole  time  of  defeent  in  fecond  swill  be  = y—  t Now,  to  deter- 
mine the  number  of  revolutions,  let  s be  the  center  of  ofcillation 
to  the  point  of  fufpenfion  a * ; then,  becaufe  no  force  adting  at  a 
eanaftedt  the  motion  of  the  point  r,  that  point,  not withftan ding 
the  adtion  of  the  fridtion  at  will  always  have  a motion  pa- 
rallel to  CA  uniformly  accelerated  by  a force  equal  to  that 
with  which  the  body  would  be  accelerated  if  it  had  no  fridtion  ; 
hence,  if  2m  = ^2pfeet,  the  velocity  acquired  by  the  point  s 

m the  firft  fecond  will  be  = ; now  the  excefs  of  the  ve- 

} .F 

* « and  s are  not  fixed  points  in  the  body,  but  the  former  always  reprefents 
that  point  of  the  tody  in  contad  with  the  plane,  and  the  latter  the  correfponding 
Center  of  ofcillation; 
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loclty  of  the  point  s above  that  of  r (r  being  the  center)  is  ma* 
tiifeflly  the.  velocity  with  which  s is  carried  about  r ; hence  the 


velocity  of  s about  the  center  — — 2 a 


2m  x CB  — 2a  xCfi 


CO 


uently  rs  : ra  \ : 


ca  ca 

2 m X CB  — 2a  x C A 2 mx  ra  x CB  — 2 a X ra x C 


CA  rs  x CA 

p the  velocity  with  which  a point  of  the  circumference  is  car- 
ried about  the  center,  and  which  therefore  exprefft.s  the  force 
which  accelerates  the  rotation  ; now  as  2 a expreffes  the  accele- 
rative force  of  the  body  down  the  plane,  and  the  fpaces  de- 
fcribed  in  the  fame  time  are  in  proportion  to  tlrofe  forces,  we 

, i— , * 2»zX^XCB_  2a  X ra  x CA  m Xra  x CB  — a x ra  X CA 

have  %a  s LA  ::  — — 


n X CA 


. a ><  rs 


the  fpace  which  any  point  of  the  circumference  defcribes  about 
the  center  in  the  whole  time  of  the  body’s  defcent  down  CA  ; 
which  being  divided  by  the  circumference  p k ra  (where 

^ = 6. 283  Bee.)  Will  give— for  the  whole  number 

I \ • ( hi  • jni v \,p' f ■ ; ’ ■ • " • ■ 

of  revolutions  required-. 

Cor.  i . IF  a k CA  A m x BC,  the  number  of  revolutions  — o, 
and  therefore  the  body  will  then  only  hide ; coiifeqiiehtly  the 
fridtioh  vanithes,. 

Con  2.  Let  a'r'sf  (fig.  2.)  he  the  next  pofition  of  a:r%  and 
draw  / parallel  to  sa$  then  will  s'i  reprefen  t the  retardation 
of  the  center  r aHfing  from  Friddon,  and  a1  b will  reprefent  the 
acceleration  of  a point  of  the  'circumference  about  its  center; 
'lienee  the  retardation  of  the  center  i acceleration  of  the  tir-' 
xumference,  about  the  center  U a!  b t:  '(by  fim.  A?s) 
ir}  : br(  ::  rs  : 'ra* 

Cor « 3.  If  <3/  coincides  with  a0  the  body  does  not  jlide  but 
only  roll ; now  in  this  cafe  s s'  : rr'  ::  as : ar;  but  as  s s'  and 
rr'  yep refent  the  ratio  of  the  velocities  of  the  points  s and  r, 

A a 2 they 
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they  will  be  t each  other  as  • 2^  or  as  m x CB:  a x CA; 

hence,  when  the  body  rolls  without  JUding,  as:ar;:mx 
CB  : a x CA. 

I AC 

Cor.  4.  The  time  of  defcent  down  CA  is=  ; but  by 
the  laid  Cor.  when  the  body  rolls  without  Jlidikky  a = mXra 

SCI  X-  AC 

hence  the  time  of  defcent  in  that  cafe  = AC  J sa  ..7-];.  now 

the  time  of  defcent,  if  there  were  no  fri&ion,  would  be  =• 

— — , hence  the  time  of  defcent,  when  the  body  rolls  with.- 
x BC 

out  Jliding  : time  of  free  defcent  s/sa  : s/ r a* 

Cor.  5.  By  the  laft  Cor.  it  appears,  that  when  the  body  juft  rolls- 
without  Jliding , or  when  the  fridtion  is  juft  equal  to  the  accelera- 
tive force,  the  time  of  defcent  = AC^~^'x  ; now  it.  is  ma- 

nifeft,  that  the  time  of  defcent  will  continue  the  fame,  if  the 
fri&ion  be  increafed,  for  the  body  will  ftill  freely  roll,  as  no 
increafe  of  the  fridlion  adting  at  a can  affect  the  motion  of  the 
point  s. 

If  the  body  be  projected  from  C with  a velocity,  and  at  the 
fame  time  have  a rotatory  motion,  the  time  of  defcent  and 
the  number  of  revolutions  may  be  determined  from  the  com- 
mon principles  of  uniformly  accelerated  motions,  as  we  have 
already  inveftigated  the  accelerative  force  of  the  body  dowai 
the  plane  and  of  its  rotation  about  its  axis ; it  feems  therefore, 
unnecefiary  to  lengthen  out  this  paper  with  the^uyeftigations*. 
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< 1 

PROPOSITION  II. 

Let  the  body  be  projected  on  an  horizontal  plane  LM  (fig.  3.) 
with  a given  velocity , to  determine  the  fpace  through  which  the 
body  will  move  before  it  fiops^  or  before  its  motion  becomes  uniform*. 

Ca  se  I.  i.  Suppofe  the  body  to  have  no  rotatory  motion’ 
when  it  begins  to  move  ; and  let  a — the  velocity  of  projection 
per  fecond  meafured  in  feet,  and  let  the  retarding  force  of  the 
friCtion  of  the  body,  meafured  by  the  velocity  of  the  body 
which  it  can  deftroy  in  one  fecond  of  time,  be  determined  by 
experiment  and  called  F,  and  let  x be  the  fpace  through  which 
the  body  would  move  by  the  time  its  motion  was  all  deflroyed 
when  projected  with  the  velocity  a,  and  retarded  by  a force  F ; 
then,  from  the  principles  of  uniformly  retarded  motion*  x 

— , and  if  /rrtirne  of  defcribing  that  fpace,  we  have  t — 
- , and  hence  the  fpace  defcribed  in  the  £rft  fecond  of  time 

= — - — . Now  it  is  manifeft,  that  when  the  rotatory  motion 

of  the  body  about  its  axis  is  equal  to  its  progreffive  motion,  the 
point  a will  be  carried  backwards  by  th e former  motion  as  much 
as  it  is  carried  forwards  by  the  latter ; confequently  the  point  of 
contact  of  the  body  with  the  plane  will  then  have  no  motion 
in  the  direction  of  the  plane,  and  hence  the  friCtion  will  at 
that  inftant  ceafe,  and  the  body  will  continue  to  roll  on  uni- 
formly without  fiding  with  the  velocity  which  it  has  at  that 
point.  Put  therefore  z = the  fpace  defcribed  from  the  com- 
mencement of  the  motion  till  it  becomes  uniform,  then  the 
body  being  uniformly  retarded,  the  fpaces  from  the  end  of 
% the 
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* 

the  motion  vary  as  the  fquares  of  the  velocities,  heft'Ce 

Z ^2 

M : a-  (::  i ; 2F)  ::  2Fs==fquare  of  the  progrefi 

live  velocity  when  the' motion  becomes  uniform  ; therefore  the 

velocity  deft  roved  by  friction  — a-%/ a — aF% ; hence,  as  the 
velocity  -generated  or  deftroyed  in  the  fame  time  is  in 
proportion  to  'the  force,  we  have  by  Cor.  2.  Prop.  1. 

r s : ra  ; ; a'—  v/V  — Mz  : r-  x a — %/  a ~ 2 Fa  the  velocity  !of 

rs 

the  circumference  efg  generated  about  the  center,  confequently 

_ — ra  — - - ■ ^rsz  + <2rsx  ra  X az 

%/a  — 2 r %-=z  — x a - %/a  — 2b  z9  and  nenCe  z - — z ■ ~ 

v rs  &s  X 2r 

> J i f l t - - ? ■ 

the;  fpace  which  the  body  deferibes  before  the  motion  becomes 
uniform*  " 

. 2.  If  we  fobfritute  this  value  of  a into  the  expreffion  for  the 

Yd  * * ’ 

velocity 5 We  fhal!  have  a k — for  the  velocity  of  the  body  wheir 

its  motion  becomes  uniform ; hence  therefore  it  appears,  that 
the  velocity  of  the  body,  when  the  friction  ceafc's,  will  be  th© 
fame  whatever  be  the  quantity  df  the  fridlion.  If  the  body  be 
the  circumference  of  a circle,  it  will  always  lofe  half  the  ve- 
locity before  its  motion  becomes  uniform. 

Case  II.  1.  ^Let  the  body,  befides  having  a progreffive 
velocity  in  the  direction  LM  (fig.  3.)  have  alfo  a rotatory  mo- 
tion about  its  center  in  the  direction  gj  e,  aiid  let  v reprefent 
the  initial  velocity  of  any  point  of  the  circumference  about  thp 
center,  and  fiippofe  it  firft  to  be  lefsthan  a ; then  friction  being 
a uniformly  'retarding  fipfee,  no  alteration  of  thp  velocity  of 
the  point  of  contact  of  the  body  upon  the  plane  can  afiecl  the 
’quantity  of  fridtion  ; hence  the  progreffive.  velocity  of  thp  body 
Hyillie  the,  fame  as  before,  and  confequently  t^e  rptatOry  Velo- 
city 
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city-  generated  by  friction  will  alfo  be  the  fame,  to  which  if  we 
add  the  velocity  about  the  center  at  the  beginning  of  the  mo- 
tion, we  dial!  have  the  whole  rotatory  motion;  hence  there- 

fore,  v + — x a — \/a2  — 2Fz=  x/az  ~ 2Fz,  confequently  % — ; 


x wxn  + fl  x rP 
2F  xaF 

comes,  uniform. 


the 


fpace  defcribed  before  the  motion  be- 


2.  If  this  value  of  % be  fubftituted  into  the  expreffion  for  the 
Velocity,  we  fhall  have  hiifixhill?  for  the  velocity  when  the 
ffidion  ceafes. 


3.  If  .vz=a,  then  z z=o,  .and  hence  the  bbdy  will  continue  to 
move  uniformly  with  the  fir  ft  velocity. 

4..  If  v be  greater  than  a,  then  the  rotatory  motion  of  the 
point  a on  the  plane  being  greater  than  its  progreflive  motion 
and  in  a contrary  diredion,  the  abfolute  motion  of  the  point 
a upon  the  plane  will  be  in  the  diredion  ML,  and  confequently 
ffidion  will  now  aft  in  the  diredion  LM  in  which  the  body 
moves,  and  therefore  will  accelerate  the  progrej/ive  and  retard 
the  rotatory  motion ; hence  it  appears,  that  the  progrejjive  mo - 
tionof  a body  may  be  accelerated  by  fridiion.  Now  to  deter- 
mine the  fpace  defcribed  before  the  motion  becomes  uniform,  we 
may  obferve,  that  as  the  progreflive  motion  of  the  body  is  now 
accelerated,  The  velocity  after  it  has  defcribed  any  fpace  % will  - 
he~  s/‘cd  + iFz,  hence  the  velocity  acquired  = ^/aFyiFz  - a9 

and  confequently  the  rotatory  velocity  deftroyed  — x 

, • 

+ tF z-ar.  hence  v - — x s/F  + zFz-  a ==  s/a* *  -\~2Fz~ 

* * "p  ' ' *.  v . S 


herefore  % 


— rs  x p-+ ra  x a — d X af 

2F  x 


the  fpace  required.- 


5.  if 
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5.  If  a~Oy  or  the  body  be  placed  upon  the  plane  without 

2 2 

any  progreffive  velocity,  then  % — • 

Case  III.  1.  Let  the  given  rotatory  motion  be  in  the  direc- 
tion g ef ; then  as  the  fri&ion  muft  in  this  cafe  always  a<ft  in 
the  direction  ML,  it  muft  continually  tend  to  deftroy  both  the 
progreffive  and  rotatory  motion.  Now  as  the  velocity  de- 
ftroyed  in  the  fame  time  is  in  proportion  to  the  retarding  force, 
find  the  force  which  retards  the  rotatory  is  to  the  force  which 
retards  the  progrejjive  velocity  by  Cor.  2.  Prop.  1.  as  ra  : r s% 
therefore  if  v be  to  a as  ra  is  to  r s,  then  the  retarding  forces 
being  in  proportion  to  the  velocities,  both  motions  will  be  de- 
ftroyed  together,  and  confequently  the  body,  after  delcribing 
a certain  fpace,  will  reft ; which  fpace,  being  that  defcribed 
by  the  body  uniformly  retarded  by  the  force  F,  will,  from 

at 

what  was  proved  in  Cafe  I.  be  equal  to  . 

2.  If  v bears  a greater  proportion  to  a than  ra  does  to  r/, 
it  is  manifeft,  that  the  rotatory  motion  will  not  be  all  deftroyed 
when  the  progreffive  is  ; confequently  the  body,  after  it  has 

defcribed  the  fpace  , will  return  back  in  the  dire&ion  ML ; 


for  the  progreffive  motion  being  then  deftroyed,  and  the  rota- 
tory motion  ftill  continuing  in  the  dire&ion  g ef  will  caufe 
the  body  to  return  with  an  accelerative  velocity  until  the  fric- 
tion ceafes  by  the  body’s  beginning  to  roll,  after  which  it  will 
move  on  uniformly.  Now  to  determine  the  fpace  defcribed 

before  this  happens,  we  have  rs  : ra  ::  a : r—~  the  rotatory 

velocity  deftroyed  when  the  progreffive  is  all  loft ; hence 

v _ raXa  — ?,x  rs~a*rJ  = the  rotatory  velocity  at  that  time,  which 

rs  rs 
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being  fubflituted  for  v in  the  laft  article  of  Cafe  11,  gives 

z 

L for  the  fpace  defcribed  before  the  motion  becomes 

Xas  1 


uniform* 

3.  If  v has  a lefs  proportion  to  a than  r a has  to  r r,  it  is 
manifeft,  that  the  rotatory  motion  will  be  deftroyed  before  the 
firogrejjive ; in  which  cafe  a rotatory  motion  will  be  generated 
in  a contrary  cUredtion  until  the  two  motions  become  equal, 
when  the  friction  will  inftantly  ceafe,  and  the  body  will  then 


move  on  uniformly.  Now  r a : r s ::  v : V~~  the  progreffive 
velocity  deflroyed  when  the  rotatory  velocity  ceafes,  hence 

v X rs  __  a x ra—v  X rs 
1 a ra 


a 


— progreffive  velocity  when  it  begins  its 

rotatory  motion  in  a contrary  diredtion  ; fubflitute  therefore 
this  quantity  for  a in  the  expreffion  for  % in  Cafe  I.  and  we  have 


rs  -f  2rs  x ra  X a X ra  — v X rs 
as~  X arz  X 2? 


for  the  fpace  defcribed  after  the  rota- 
tory motion  ceafes  before  the  motion  of  the  body  becomes 
uniform.  Now  to  determine  the  fpace  defcribed  before  the 
rotatory  motion  was  all  deflroyed,  we  have  (as  the  fpace  from 

the  end  of  a uniformly  retarded  motion  varies  as  the  fquare  of 

2 — — — 2 • — 2 

1 v \ 2 a a x ra—rv  X rs  aXra  — vxrs  , r , 

the  velocity)  a : - : — j—j.  — the  fpace  that 

could  have  been  defcribed  from  the  time  that  the  rotatory 
velocity  was  deflroyed,  until  the  progreffive  motion  would 
have  been  deflroyed  had  the  fridfon  continued  to  a 61 ; hence 


2SF 


« X ra  — v X rs 
2F  x ra 


lav  XraX  rs  — vz  x rsz 


2F  x ra 


= the  fpace  defcribed  when 


the  rotatory  motion  was  all  deflroyed,  hence 


rs  + 2rs  X rax  ax  a 


r — V X ' r 


asz  x arz  x aF 


+ 


lav  X ra  X rs  — vz  x r sz 


whole  fpace  de> 


2F  x ra~ 

fcribed  by  the  body  before  its  motion  becomes  uniform. 
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DEFIN  I T I O N. 

fhe  center  of  friction  is  that  point  in  the  hafe  of  a body 
on  which  it  revolves into  which  if  the  whole  fur  face  of  the  bafe , 
and  the  mafs  of  the  body  were  collected , and  made  to  revolve  about 
the  center  of  the  bafe  of  the  given  body , the  angular  velocity  de- 
frayed by  its  friction  would  he  equal  to  the  angular  velocity 
in  the  given  body  by  itsfriBjon  in  the  fame  time 


proposition  m: 

T o fnd  the  center  of  friffion. 

Let  FGH  (fig.  4.)  be  the  bafe  of  a body  revolving  about  its- 
center  C,  and  fuppofe  about  a , b,  c,  &c.  to  be  indefinitely 
fmall  parts  of  the  bafe,  and  let  A,  B,  C,  &c.  be  the  correfpond- 
ing  parts  of  the  folid,  or  theprifmatic  parts  having  arb,  c,  &c. 
for  their  bafes  ; and  P the  center  of  fridion.  Now  it  is  ma- 
nifeft,  that  the  decrement  of  the  angular  velocity  mud  vary 
as  the  whole  diminution  of  the  momentum  of  rotation  caufed 
by  the  fridion  diredlly , and  as  the  whole  momentum  of  rota- 
tion or  effed  of  the  inertia  of  all  the  particles  of  the  folid  in- 
verfely  ; the.  former  being  employed  in  diminifhing  the  angular 
velocity,  and  th  flatter  in  oppofing  that  diminution  by  the  en- 
deavour of  the  particles  to  perfevere  in  their  motion.  Hence, 
if  the  effed  of  the  fridion  varies  as  the  effed  of  the  inertia, 
the  decrements  of  the  angular  velocity  in  a given  time  will  be 
equal.  Now  as  the  quantity  of  fridion  (as  has  been  proved 
from  experiments)  does  not  depend  on  the  velocity,  the  effed 
of  the  fridion  of  the  elementary  parts  of  the  bafe  a,  b , c,  &c. 

2 will 
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will  be  as  a x aC , b x bC,  c x cC,  &c.  alfo  the  effect  of  the  inertia 
of  the  correfponding  parts  of  the  body  will  be  as  A x aC\ 
BxbCz,  C x cC\  See.  Now  when  the  whole  furface  of  the 
bafe  and  mafs  of  the  body  are  concentrated  in  P,  the  effect  of 
the  fridlion  will  be  as  a -j-  b -f  c + &c.  x CP,  and  of  the  inertia  as 
A + B + C + &C.  xCP’“;  confequently  a x aC  + b x bC  + c x cC 
+ &c.  : ay-o-yc  y &c.  x CP  ::  Ax  aCz  + B x 3CJ-f  C x cQz 
4-  &c.  : A + B + C + Sec.  x CP1 ; and  hence 


CP  = 


A x ciC^  -J-  B x bC  4~  C x cC  -j-  &c.  x Q 0 c Sc 
a X aC  -J-  b x bC  -j-  c x cC  4-  &c.  x A -j-  B -j~  C &c. 


(if  S = the  fum 


of  the  products  of  each  particle  into  the  fquare  of  its  diftance 
from  the  axis  of  motion,  T — the  fum  of  the  products  of  each 
part  of  the  bafe  into  its  diftance  from  the  center,  s = the  area 

of  the  bafe,  t = the  folid  content  of  the  body)  . 

X At 


PROPOSITION  IV. 

Given  the  velocity  with  which  a body  begins  to  revolve  about  the 
center  of  its  bafe , to  determine  the  number  of  revolutions  which  the 
body  will  make  before  all  its  motion  be  defir  oyed* 

Let  the  fri&ion,  expreffed  by  the  velocity  which  it  is  able  to 
deftroy  in  the  body  if  it  were  proje&ed  in  a right  line  horizon- 
tally in  one  fecond,  be  determined  by  experiment,  and  called  F; 
and  fuppofe  the  initial  velocity  of  the  center  of  fridlion  P about 
C to  be  a*  Then  conceiving  the  whole  furface  of  the  bafe  and 

mafs  of  the  body  to  be  collected  into  the  point  P,  and  (as  has 

■ 

been  proved  in  Prop.  II.)  — will  be  the  fpace  which  the  body 

fo  concentrated  ydll  deferibe  before  all  its  motion  be  deftroyed  ; 

B b 2 hence 
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hence  if  we  put  z—  PC,  p = the  circumference  of  a circle 
whofe  radius  is  unity,  then  will  pz  = circumference  deferibed 

by  the  point  P ; consequently  yypy—  the  number  of  revolutions 

required. 

Cor.  If  the  folia  be  a cylinder  and  r be  the  radius  of  its  bafe, 


then 


» / 

4>. 


3 r 


and  therefore  the  number  of  revolutions  = 


2 a 


;3VE  * 


PROPOSITION  V. 

To  find  the  nature  of  the  curve  defer ibed  by  any  point  of  a body 
afecled  by  fritlion,  when  it  defends  down  any,  inclined  plane. 

Let  efg  (fig.  5.)  be  the  body,  the  points  a,  r,  s,  as  in  Prop.  I. 
and  conceive- j /,  r n,  to  be  two  indefinitely  Small  Spaces  deferibed 
bv  the  points  s and  r in  the  fame  time,  and  which  therefore 
will  reprefent  the  velocities  of  thofe  points;  but  from  Prop.  T. 
the  ratio  of  thefe  velocities  is  exprefied  by  m x CB  : a x CA, 
hence  st  :.r  n ::  ?n  x CB  : a x CA.  With  the  center  r let  a 
circle  v w be  deferibed  touching  the  plane  LM  which  is  parallel 
to  AC  at  the  point  b,  and  let  the  radius  of  this  circle  be  fuch 
that,  conceiving  it  to  defeend  upon  the  plane  LM  along  with 
the  body  defeending  on  CA,  the  point  b may  be  at  reft,  or  the 
circle  may  roll  without  Aiding.  To  determine  which  radius, 
produce  r s to  x,  parallel  to  which  draw  n dy,  and  produce  nt 
to  % ; now  it  is  manifeft,  that  in  order  to  anfwer  the  conditions 
above-mentioned,  the  velocity  of  the  point  x muft  be  to  the 
velocity  of  the  point  r aa  2 :1,  that  is,  zx  :yx.:i  2:1, 
hence  zy~yx  = nr.  Now  zy  : dt  (;;  ny  : nd)  \\  rx  : rs; 

therefore  dt  = — xzy  = —vx  nr,  hence ts  (~td+dszztd-\-nrz= 


/ 
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9 


rx  ' 


rs  -f  rx  r 1 rs  -f  rx 

X nr,  conlequently 


rx 


rx 


is  : n r 


(from  what  is  proved  above)  m x CB  : a x CA  ; therefore 
a x CA  x f r + a x CA  x rx  ~ m x CB  x rx,  hence 


• X~ ^le  radius  of  the  circle  which  rolling  down 

m x tB  — A o 

the-  inclined  plane  LM,  and  carrying  the  body  with  it,  will 
give  the  true  ratio  of  its  progreffive  to  its  rotatory  motion, 
and  confequently  that  point  of  the  circle  which  coincides  with 
any  given  point  of  the  body  will,  as  the  circle  revolves  upon 
the  line  LM,  defcribe  the  fame  curve  as  the  correfponding 
point  of  the  body;  but  as  the  nature  of  the  curve  defcribed  by. 
any  point  of  a circle  revolving  upon  a ftraight  line  is  already 
very  well  known,  it  fee  ms  unnecelfary  to  give  the  inveftigationv 
By  a method  of  reafoning,  not  very  different,  may  the  nature 
of  the  curve,  which  is  defcribed  by  any  point  of  a body  moving 
upon  an  horizontal  plane,  and  affected  by  fridtion,  be  determined. 


XI.  Qbf creations  and  3 Experiments  on  the  Light  of  Bodies  in  a 
State  of  Combujtion.  By  the  Rev.  Mr.  Morgan  ; communicated 
by  the  Rev.  Richard 'Price,  LL.D.  F.R.S. 


Read  January  27,  1785. 

XTHE  difcuffion  which  I now  wifh  to  lay  before  the  Royal 
-S-  Society  is  nothing  more  than  a feries  of  faffs,  and  of 
conclufions  which  feem  to  flow  from  thofe  faffs,  and  from  an 
attention  to  the  following  data. 

I.  That  light  is  a body,  and  like  all  other  bodies  fubjeft  to 

the  laws  of  attraffion. 

II.  That  light  is  an  heterogeneous  body,  and  that  the  fame 
attraffive  power  operates  with  different  degrees  of  force  on  its 
different  parts. 

III.  That  the  light  which  efcapes  from  combuftibles  when 
decompofed  by  heat,  or  by  any  other  means,  was,  previous  to 
its  efcape,  a component  part  of  thofe  fubffances. 

It  is  an  obvious  conclufion  from  thefe  data,  tnat  when 
the  attraffive  force,  by  which  the  feveral  rays  of  light 

are  attached  to  a body,  is  weakened,  fome  of  thofe  rays  will 

efcape 


Mr,  Morgan’s  Qbfervations  and  Experiments,  &c.  1.9? 

efcape  fooner  than  others.  Thofe  which  are  united  with  the  leaf!: 
degree  of  power  will  efcape  firft,  and  thofe  which  adhere  to  it 
mo  ft  ftrongly  will  (if  I may  be  allowed  the  expreflion)  be  the 
lafl:  to  quit  their  balls.  We  may  here  have  recourfe  to  a familiar 
faff,  which  is  analogous  to  this,  and  will  illuftrate  it. 
If  a mixture,  conftfting  of  equal  parts  of  water,  of  fpirits 
of  wine,  and  of  other  more  fixed  bodies,  be  placed  over 
a fire;  the  firft  influence  of  that  heat,  to  which  all  the  in- 
gredients are  alike  expofed,  will  carry  off  the  fpirits  of 
wine  only.  The  next  will  carry  off  the  fpirits  of  wine 
blended  with  particles  of  water.  A ftill  greater  degree  of 
heat  will  blend  with  the  vapour  which  efcapes  a part  of 
the  more  fixed  bodies,  till  at  length  what  evaporates  will  be  a 
mixture  of  all  the  ingredients  which  were  at  firft  expofed  to 
the  fire.  In  like  manner,  when  the  furface  of  a combuftible  is 
in  a ftate  of  decompofttion,  thofe  parts  which  are  the  leaft  fixed, 
or  which  are  united  to  it  with  the  leaft  force,  will  be  feparated 
firft.  Amongft  thefe  the  indigo  rays  of  light  will  make  the 
earlieft  appearance.  By  increaftng  the  heat  we  fhall  mix  the 
violet  with  the  indigo.  By  increafing  it  ftill  more  we  fhall  add 
the  blue  and  the  green  to  the  mixture,  till  at  length  we  reach 
that  intenfity  of  heat  which  will  caufe  all  the  rays  to  efcape 
at  the  fame  inftant,  and  make  the  flame  of  a combuftible 
perfectly  white.  It  is  not  my  prefent  defign  to  fhew  why 
the  moft  refrangible  rays  are  the  firft  which  efcape  from  a 
burning  body,  but  to  enumerate  the  feveral  faffs  which  feem  to  . 
fhew,  that  fuch  a general  law  takes  place  in  combuftion  ; and 
that  the  various  colours  of  bodies  in  this  ftate  are  uniformly 
regulated  by  that  decreafe  of  attraftive  force  now  defcribed. 
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By  examining  the  flame  of  a common  candle  we  may  ol>- 
ferve,  that  its  lowefl  extremities,  or  the  part  in  which  the  black 
colour  of  the  wick  terminates,  difcharges  the  leaft  heat ; and 
that,  as  the  vertex  of  the  flame  is  approached,  a fucceffive  order 
of  parts  is  paffed  through,  in  which  the  lowefl;  is  continually 
adding  to  the  heat  of  what  is  juft  above  it,  till  we  come  to 
the  top  of  the  flame,  near  which  all  the  heat  is  collected  into  a 
focus.  :At  the  lowefl;  extremity,  however,  where  the  heat  is 
inconfiderable,  a blue  colour  may  be  always  obferved ; and 
from  this  appearance,  amongft  others,  it  may,  I think,  be 
fafely  concluded,  that  the  blue  rays  are  fome  of  thofe  which 
efcape  from  combuftibles  in  an  early  period  of  their  decompo- 
fition ; and  that  if  the  decompofltion  could  be  examined  in  a 
period  !ftill  more  early,  the  colour  of  their  flame  would  be 
violet.  By  an  a priori  deduftion  of  this  kind,  I was  led  to 
watch  the  appearances  of  a candle  more  attentively  ; whence  I 
found  that  to  the  external  boundary  of  a common  candle 
is  annexed  a filament  of  light,  which,  if  proper  care  be 
taken  to  prevent  the  efcape  of  too  much  fmoke,  will  appear 
moft  beautifully  coloured  with  the  violet  and  indigo  rays.  To 
the  preceding  inftance  of  a common  candle  many  fadls  may 
be  added,  which  fpeak  a fimilar  language.  If  fulphur  or 
aether  is  burned,  or  any  of  thofe  combuftibles  whofe 
vapour  is  kindled  in  a fmall  degree  of  heat,  a blue  flame 
will  appear,  which,  if  examined  by  the  prifm,  will  be  found 
to  confift  of  the  violet,  the  indigo,  the  blue,  and  fometimes  a 
fmall  quantity  of  the  green  rays.  The  beft  mode,  however, 
of  fhewing  the  efcape  of  fome  rays  oy  that  degree  of  heat 
which  will  not  feparate  others  till  increafed,  is  the  following. 

Give  a piece  of  brown  paper  a fpherical  form,  by  prelfing  it 

upon 
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upon  any  hard  globular  fubflance.  Gradually  bring  the  paper, 
thus  formed,  to  that  diftance  from  the  candle  at  which  it  will  be- 
gin to  take  fire.  In  this  cafe  a beautiful  blue  flame  may  be  feen, 
hanging  as  it  were  by  the  paper  till  a hole  is  made  in  it,  when 
the  flame,  owing  to  the  mcreafed  a£lion  of  the  air  upon  all 
parts  of  it,  becomes  white,  though  the  edges  ftill  continue  of 
a blue  or  violet  colour.  As  a confirmation  of  what  I have 
concluded  from  the  preceding  fadfs,  it  may  be  obferved,  that 
the  very  flame  which,  when  expofed  to  a certain  degree  of 
heat,  emitted  the  moft  refrangible  rays  only,  will,  if  expofed 
to  a greater  degree  of  heat,  emit  fuch  as  are  lefs  refrangible. 
The  flames  of  fulphur,  fpirits  of  wine,  &c.  when  fuddenly 
expofed  to  the  heat  of  a reverberatory,  change  their  blue -ap- 
pearance for  that  which  is  perfectly  white.  But  to  gain  a 
moreftriking  diverfity  of  this  fadt,  I adopted  Mr.  Melvill’s 
mode  of  examining  bodies  whilft  on  fire.  I darkened  my 
room,  and  placed  between  my  eye  and  the  combuftible  a fheet 
of  pafleboard,  in  the  center  of  which  I made  a fmali  perfora- 
tion. As  the  light  of  thehurnmg  body  efcaped  through  this 
perforation,  1 examined  it  with  a prifm,  and  obferved  the  fol- 
lowing appearances.  When  the  fpirits  of  wine  were  let  on 
fire,  all  the  rays  appeared  in  the  perforation ; but  the  violet, 
the  blue,  and  the  green,  in  the  greatefi:  abundance.  Wheit 
fhe  conibuflion  of  the  fpirits  was  checked  by  throwing  dome 
fal  ammoniac  into  the  mixture,  the  red  rays  difappeared ; but 
when,  by  the  long  continuance  of  the  flame,  the  fal  ammoniac 
was  rendered  fo  hot  as  to  increafe,  rather  than  ditninifh  the' 
combuftion,  the  red  rays  again  appeared  at  the  perforation.  If 
the  fereen  was  managed  fo  that  the  different  parts  of  the 
flame  might  be  examined  feparately,  I always  obferved  that 
YqLo  LXXY.  C c the 
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the  bale  of  the  flame,  or  where  the  heat  was  leafh,  the  in- 
digo, the  violet,  and  a very  fmall  tinge  of  the  blue  and 
gteen  appeared.  As  I approached  the  vertex  of  the  flame, 
the  rays  which  efcaped  became  more  and.  more  numerous 
till  I reached  the  top,  when  all  the  rays  appeared  m the 
prifm.  It  Ihould  be  attended  to,  that  when  the  red  rays  firft 
made  their  appearance,  their  quantity  was  fmall,  and  gradually 
increafed  as  the  eye  in  its  examination  approached  that  part 
where  the  heat  was  greatefL  Mr.  Melvill,  when  he  made 
fome  of  the  preceding  experiments,  obferved,  that  the  yellow 
rays  frequently  efcaped  in  the  greatefl:  abundance but  this  An- 
gularity proceeded  from  feme  circumftances  which  efcaped  his 
attention,  In  confluence  of  mixing  acids  or  falts  with  the 
burning  fpirits,  a very  denfe  fume  of  unignited  particles  arifes, 
and  before  the  rays  of  the  burning  body  arrive  at  the  perfora- 
tion where  the  prifm  catches  them,  they  muft  pafs  through  a 
medium  which  will  abforb  a great  part  of  the  indigo  and  the 
violet.  On  the  other  hand,  owing  to  the  imperfection  of  the 
decompofition,  very  few  of  the  red  rays  arefeparated  from  their 
bafis,  and  confequently  the  yellow  and  the  orange  rays  are 
thofe  alone  which  pafs  through  the  unburnt  fmoke  of  the 
flame. 

I would  now  proceed  with  obferving,  that,  befides  the  in- 
creafe  or  decreafe  of  heat,  there  are  other  modes  of  retarding 
or  accelerating  the  combuflion  of  bodies,  by  which  alfo  may 
be  examined  fome  of  the  preceding  illuftrations. 

i . A candle  burns  moft  rapidly  and  brilliantly  in  dephlo- 
gifticated  air* 
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'2.  The  blue  colour  of  a fulphureous  flame  in  pure  air  is 
changed  into  a dazzling  white, 

3,  The  flame  of  inflammable  air,  when  mixed  with  ni- 
trous air,  is  green.  It  is  white  ftrongly  tinged  with  the  indigo 
and  violet  when  mixed  with  common  air;  but  when  mixed 
with  dephlogifticated  air,  or  furrounded  by  it,  the  brilliancy 
of  its  flame  is  moft  Angularly  beautifuh 

If  the  preceding  fads  prove  that  light,  as  an  heterogeneous 
body,  is  gradually  decompofed  during  comhuflion  ; if  they 
prove,  likewife,  that  the  indigo  rays  efcape  with  the  leaft  heat, 
and  the  red  with  the  greateft ; I think  we  may  rationally  ac- 
count for  feveral  Angularities  in  the  colours  of  different  flames. 
If  a piece  of  paper,  impregnated  with  a folution  of  copper  in 
the  nitrous  acid,  be  fet  on  Are,  the  bottom  and  fldes  of  the 
flame  are  always  tinged  with  green.  Now  this  flame  is  evi- 
dently in  that  weak  ftate  of  decompofition,  in  which  the  mofl 
refrangible  rays  efcape  in  the  greateft  abundance ; but  of  thefe 
rays  the  green  efcape  mofl  plentifully  through  the  unignited 
vapour  and  that  portion  of  the  atmofphere  which  feparates  the 
eye  from  the  flame.  The  peculiarity  which  I have  now  endea- 
voured to  account  for  may  be  obferved  in  the  greateft  perfection 
in  brafs  founderies.  The  heat  in  this  inftance,  though  -very 
ftrong,  is  fcarcely  adequate  to  the  decompofition  or  the  metallic 
vapour  which  efcapes  from  the  melted  brafs.  A very  fmgular 
flame  therefore  appears  to  the  eye  ; for  while  its  edges  are  green* 
its  body  is  fuch  as  to  give  the  objects  around  a very  pallid  or 
ghaftly  appearance,  which  is  the  confequence  of  its  wanting 
that  portion  of  red  rays  which  is  neceiary  to  make  a perfect 
white* 
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The  moft  lingular  phenomenon  attending  a burning  body 
is,  perhaps,  the  red  appearance  it.  affumes  in  its  laft  ftage  oi 
combuftion.  The  preceding  faffs  and  obfervations  may?  I 
think,  help  ns  to  explain  it. 

I.  After  a body  has  continued  to  burn  for  forae  time,  its. 
external  lurface  is  to  be  regarded  as  having  loft  a great  portion, 
if  not  the  whole  of  thofe  rays  which  the  firft  application  of 
heat  wTas  able  to  feparate.  But  thefe  rays  were  the  indigo,  the 
violet,  the  blue,  and  perhaps  the  green.  Nothing,  therefore,  will 
remain  to  be  feparated,  but  the  yellow,  the  orange,  and:  the  red, 
Confequently,  the  combuftion  of  the  body 9,in  its  laft  ftate  of  der 
compofition ,.can  affume  no  other  than  a reddifti  appearance.  But 

2 = Let  us  confider  the  external  fur  face  of  the  combuftible 
as;  annexed  to  an  inner  furface,  which  may  be  partly,  but  not  fo 
perfectly  decompofed  as  itfelf : for  the  violence  of  the  heat  will 
be  found  to  lellen  in  its  effedls  the  nearer  it  approaches  to.  the 
center  of  the  fubftance  which  is  expofed  to  it.  Hence  we  are 
to  conftder  the  parts  which  are  juft  covered  by  the  external  fur- 
face  as  having  loft  lefs  of  their  component  light  than  the  exter- 
nal furface  itfelf.  Or  the  former  may  retain  the  green  rays 
when  the  latter  has  loft  both  indigo,  violet,  blue,  and  green. 

3.  Thofe  parts  which  are  nearer  the  center  of  the  body 
than  either  of  the  preceding  muft,  as  they  are  further  from 
the  greateft;  violence  of  the  heat,  have  loft  proportion  ably 
fewer  of  their  rays.  Or  w7hile  the  more  external,  parts  may- 
have  loft  all  but  the  red,  thefe  may  have  loft  only  the  indigo 
and:  violet.  * 

4..  The  moft  central  parts  may  be  unaffefled  by  the  heat ; 
and:  whenever  the  fire  does  reach  thefe  parts,  they  will  immer 
diately  difcharge  them  indigo  rays,  and  be  decompofed.  in  the 
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gradual  manner  which  I have  already  defcribed.  A piece  of 
rotten  wood,  whild  burning,  will  exemplify  and  confirm  the 
preceding  illudration.  When  influenced  by  the  external  air 
only,  if  examined  through  a prifm,  no  rays  will  be  found  to 
efcape  but  the  orange  and  the  red.  By  blowing  upon  the 
burning  wood  with  a pair  of  bellows,  the  combuflion, 
being  increafed,  will  affed  thofe  internal  parts  of  the  body 
which  were  not  aded  upon  before.  Thefe  parts,  therefore, 
will  begin  to  lofe  their  light,  and  a prifm  will  fhew  the 
green,  the  blue,  the  violet,  and  indigo,  all  appearing  in  fuc~ 
ceffinm  Appearances  fimilar  to  the  preceding  may  be  ob- 
ferved  in  a common  kitchen  fire.  When  it  is  fainted,  its 
colour  is  mod  red,  the  other  rays  having  been  emitted,  and 
the  combuflion  at  a dand ; but  by  blowing  upon  it  in  this 
date,  its  brightnefs  will  be  increafed,  and  more  and  more  of 
the  rays  which  are  yielded  by  the  internal  parts  of  the  body 
will  come  to  the  eye,  till  at  length,  by  continuing  to  blow,  the 
combudion  will  be  made  fo  complete  as  to  yield  all  the  rays, 
or  to  make  it  appear  perfectly  white. 

Many  are  the  varieties  difcoverable  in  the  flames  and  in  the 
appearances  of  fixed  burning  bodies  to  which  the  preceding 
obfervations  may  be  applied  ; but,  to  avoid  unneceflaty  amplifi- 
cation I will  take  notice  only  of  what  appears  to  me  an  imper- 
fedtion  in  Sir  Isaac  Newton’s  definition  of  flame.  Me  con- 
je&ures,  that  it  may  be  a vapour  heated  red-hot.  I'  think  I 
fhould  rather  fay,  that  flame  is  an.  indance  of  combudion 
whofe  colour  will  be  determined  by  the  degree  of  decompod- 
tion  which  takes  place.  If  it  be  very  imperfedf,  the  mod 
refrangible  rays  only  will  appear.  If  it  be  very  perfeft,  all 
the  rays  will  appear,  and*  its  flame  will  be  brilliant  in 
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proportion  to  this  perfection.  There  are  flames,  however, 
which  confift  of  burning  particles,  whofe  rays  have  partly 
efcaped  before  they  afcended  in  the  form  of  vapour.  Such 
would  be  the  flame  of  a red-hot  coal,  if  expofed  to  fuch  a heat 
as  would  gradually  difperfe  it  into  vapour.  When  the  fire  is 
very  low  under  the  furnace  of  an  iron  foundery,  at  the  upper 
orifice  of  the  chimney  a red  flame  of  this  kind  may  be  feen, 
which  is  different  from  the  flame  that  appears  immediately  after 
frefh  coals  have  been  thrown  Upon  the  fire;  for,  in  confe- 
quence  of  adding  fuch  a fupply  to  the  burning  fuel,  a vaft 
column  of  fmoke  afcends,  and  forms  a medium  fo  thick  as  tea 
ubforb  moft  of  the  rays  excepting  the  red. 

Experiments  on  eleSiric  tight* 

If  we  would  wifh  to  procure  any  degree  of  certainty  in  any 
hypothefis  which  we  may  form  concerning  electrical  light, 
perhaps  the  following  general  deductions  may  be  of  fome  ler-* 
vice  to  us. 

i.  There  is  no  fluid  or  folid  body  in  its  paflkge  through 
which  the  eleCtric  fluid  may  not  be  made  luminous.  In  water, 
fpirits,  oil,  animal  fluids  of  all  kinds,  the  difeharge  of  a Ley- 
den phial  of  almoft  any  fize  will  appear  very  fplendid,  pro- 
vided we  take  care  to  place  them  in  the  circuit,  fo  that  the 
fluid  may  not  pafs  through  too  great  a quantity  of  them.  My 
general  method  is  to  place  the  fluid,  on  which  I mean  to  make 
the  experiment,  in  a tube  three-quarters  of  an  inch  in  diameter, 
and  four  inches  long.  -I  flop  up  the  orifices  of  the  tube  with 
two  corks,  through  which  I pufh  two  pointed  wires,  fo  that  the 
points  may  approach  within  one-eighth  of  an  inch  to  each 
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other.  The  fluid  in  pafling  through  the  interval  which  fepa- 
rates  the  wires  is  always  luminous,  if  a force  be  ufed  fuffi- 
ciently  ftrong.  I ffiould  obferve,  that  the  glafs  tube,  if  not 
very  thick,  always  breaks  when  this  experiment  fiucceeds.  To 
make  the  paflage  of  the  fluid  luminous  in  the  acids,  they  muft 
be  placed  in  capillary  tubes,  and  two  wires  introduced,  as  in 
the  preceding  experiment,  whofe  points  flaall  be  very  near  each 
other.  It  is  a well  known  fadt,  that  the  difcharge  of  a fmall 
Leyden  phial  in  pafling  over  a ftrip  of  gold,  filver,  or  Dutch 
metal  leaf,  will  appear  very  luminous.  By  conveying  the  con- 
tents of  ajar,  meafuringtwo  gallons,  over  a ftrip  of  gold  leaf 
one-eighth  of  an  inch  in  diameter,  and  a yard  long,  I have 
frequently  given  the  whole  a dazzling  brightnefs.  I cannot 
fay,  that  a much  greater  length  might  not  have  been  made 
very  fplendid,  nor  can  I determine  to  what  length  the 
force  of  a battery  might  be  made  luminous  in  this  manner. 
We  may  give  this  experiment  a curious  diverfity,  by  laying 
the  gold  or  filver  leaf  on  a piece  of  glafs,  and  then  placing  the 
glafs  in  water ; for  the  whole  gold  leaf  will  appear  moll  bril- 
liantly luminous  in  the  water  by  expofing  it,  thus  circum— 
ftaneed,  to  thebxplofion  of  a battery. 

2.  The  difficulty  of  making  any  quantity  of  the  eletfnica! 
fluid  luminous  in  any  body  increafes  as  the  conducing  power 
of  that  body  increafes. 

exp.  i.  In  order  to -make  the  contents  of  a jar  luminous- 
in  boiling  water,  a much  higher  charge  is  neceffary  than  would 
be  fufficient  to  make  it  luminous  in  cold  water,  which  is  uni-. - 
verbally  allowed  to  be  the  worfl  conductor. 

exp.  ii.  I have  various  reafons  for  believing  the-acids  to- 
be  very  good  conductors.  if  therefore  into  a tube,  filled  with  , 
water,  and  circumftanced  as  I have  already  deicribed,  a few 
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drops  of  either  of  the  mineral  acids  are  poured,  it  will  be 
aim  old  impoffible  to  make  the  fluid  luminous  in  Its  paflage 
through  the  tube. 

exp.  hi.  If  a firing*,  whofe  diameter  is  one- eighth  of  an 
inch  and  whofe  length  is  fix  or  eight  inches,  is  moiflened  with 
water,  the  contents  of  a jar  will  pafs  through  it  luminoufly, 
but  no  fuch  appearance  can  be  produced  by  any  charge  of  the 
fame  jar,  provided  the  fame  firing  he  moiflened  with  one  of 
the  mineral  acids.  To  the  preceding  inflance  we  may  add 
the  various  inflances  of  metals  which  will  conduct  the  electri- 
cal fluid  without  any  appearance  of  light,  in  circumflances 
the  fame  with  thofe  in  which  the  fame  force  would  have  ap- 
peared luminous  in  palling  through  other  bodies  whofe  con- 
ducting power  is1  lefs.  But  I proceed  to  obferve, 

III.  That  the  eafe  with  which  the  eleCtrica'l  fluid  is  rendered 
luminous  in  any  particular  body  is  increafed  by  increafing 
the  rarity  of  the  body.  The  appearance  of  a fpark,  or  of 
the  difcharge  of  a Leyden  phial,  in  rarefied  air  "is  well  known. 
But  we  need  not  reft  the  truth  of  the  preceding  obfervation  on 
the  feveral  varieties- of  this  faCt ; fimilar  phaenomena  attend  the 
rarefaction  of  aether,  of  fpirits  of  wine,  and  of  water. 

exp.  iv.  Into  the  orifice  of  atube,  48  inches  long,  and  two- 
thirds  of  an  inch  in  diameter,  I cemented  an  iron  ball,  fo  as  to 
bear  the  weight  which  prefled  upon  it  when  X filled  the  tube 
with  quickfilver,  leaving  only  an  interval  at  the  open  end, 
which  contained  a few  drops  of  water.  Having  inverted  the 
tube,  and  plunged  the  open  end  of  it  into  a bafon  of  mercury, 
the  mercury  in  the  tube  flood  nearly  half  an  inch  lower  than  it 

* The  thicknefs  and  diameter  of  the  firing  fliould  be  regulated  by  the  force  we 
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did  in  a barometer  at  the  fame  inllant,  owing  to  the  vapour 
which  was  formed  by  -the  water.  But  through  this  rarefied  wa- 
ter the  electrical  fpark  palled  as  luminoufly  as  it  does  through 
air  equally  rarefied. 

exp.  v.  If,  inftead  of  water,  a few  drops  of  fpirits  of  wine  are 
placed  on  the  furface  of  the  mercury,  phenomena  fimilar  to 
thofe  of  the  preceding  experiment  will  be  difcovered,  with 
this  difference  only,  that  as  the  vapour  in  this  cafe  is  more 
denfe,  the  eleCtrical  fpark  in  its  paflage  through  it  is  not  quite 
fo  luminous  as  it  is  in  the  vapour  of  water. 

exp.  yi.  Good  aether  fubflituted  in  the  room  of  the  lpirits 
of  wine  will  prefs  the  mercury  down  fo  low  as  the  height  of 
r6  or  17  inches.  The  eleClrical  fluid  in  palling  through  this 
vapour  (unlefs  the  force  be  very  great  indeed)'  is  fcarcely  lumi- 
nous. But  if  the  preffure  on  the  furface  of  the  mercury  in  the 
bafon  be  gradually  leflened  by  the  aid  of  an  air-pump,  the  va- 
pour will  become  more  and  more  rare,  and  the  eleClric  fpark  in 
palling  through  it  more  and  more  luminous. 

exp.  vii.  I could  not  difcover  that  any  vapour  efcaped  from 
the  mineral  acids  when  expofed  in  vacuo.  To  give  them, 
therefore,  greater  rarity  or  tenuity,  I found  different  methods 
neceflary.  With  a fine  camel-hair  pencil,  dipped  in  the  vi- 
triolic, the  nitrous,  or  the  marine  acid,  I drew  upon  a piece  of 
glafs  a line  about  one-eighth  of  an  inch  broad.  In  fome  in- 
fiances  I extended  this  line  to  the  length  of  27  inches,  and 
found  that  the  contents  of  an  eleCtric  battery,  confifling  of  10 
pint  phials  coated,  would  pafs  over  the  whole  length  of  this 
line  with  the  greatell  brilliancy.  If  by  widening  the  line,  or 
by  laying  on  a drop  of  the  acid,  itrs  quantity  was  increafed 
in  any  particular  part,  the  charge,  in  palling  through  that  part,, 
never  appeared  luminous.  Water,  fpirits  of  wine,  circurn- 
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danced  fimilarly  to  the  acids  in  the  preceding  experiment, 
were  attended  with  fimiiar,  but  not  equal  effects,  becaufe,  in 
confequence  of  the  inferiority  of  their  conduding  power,  it  was 
neceflary  to  make  the  line  through  which  the  charge  palled 
eonhderably  (hotter. 

4.  The  brilliancy  or  fplendor  of  the  eledric  fluid  in  its 
paflage  through  any  body  is  always  increafed  by  leflening  the 
dimenfions  of  that  body.  I would  explain  my  meaning  by  fay- 
ing, that  a (park,  or  the  difcharge  of  a battery  which  we  might 
fuppofe  equal  to  a fphere  one  quarter  of  an  inch  in  diameter, 
would  appear  much  more-  brilliant  if  the  fame  quantity  of  fluid 
is  comprefled  into  a fphere  one-eighth  of  an  inch  in  diameter. 
This  obfervation  is  the  obvious  confequence  of  many  known  fads. 
If  the  machine  be  large  enough  to  afford  a fpark  whofe  length 
is  nine  or  ten  inches,  this  fpark  may  be  keen  fometimes  forming 
itfelf  into  a brufh,  in  which  date  it  occupies  more  room,  but  ap- 
pears very  faintly  luminous.  At  other  times  the  fame  fpark  may 
be  feen  dividing  itfelf  into  a variety  of  ramifications  which  flioot 
into  the  furrounding  air.  In  this  cafe,  likewife,  the  fluid  is 
diffnfed  over  a large  furface,  and  in  proportion  to  the  extent  of 
that  furface,  fo  is  the  faintnefs  of  the  appearance.  A fpark, 
which  in  the  open  air  cannot  exceed  one  quarter  of  an  inch.,  in 
diameter,  will  appear  to  fill  the  whole  of  an  exhaufted  receiver 
four  inches  wide  and  eight  inches  long.  But  in  the  former 
eafe  it  is  brilliant,  and  in  the  latter  it  grows  fainter  and  fainter 
asthe  frze  of  the  receiver  increafes.  To  prove  the  obfervation, 
which  I think  may  be  judided  by  the  preceding  fads,  I made 
the  following  experiments. 

exp.  viii.  To  an  in  dilated  ball,  four  inches  in  diameter,  I 
fixed  a filver  thread,  about  four  yards  long.  This  thread,  at* 
the  end  which  was  remoted  from  the  ball,  was  fixed  to  another: 
r in  dilated: 
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infulated  fubftance.  I brought  the  ball  within  the  {hiking 
diftance  of  my  conductor,  and  the  fpark  in  palling  from  the  con- 
ductor to  the  ball  appeared  very  brilliant ; but  the  whole  length 
of  the  filver  thread  appeared  faintly  luminous  at  the  fame  in- 
ftant.  In  other  words,  when  the  fpark  was  confined  within 
the  dimenfions  of  a fphere  one-eighth  of  an  inch  in  diameter, 
it  was  bright,  but,  when  diffufed  over  the  furface  of  air  which 
received  it  from  the  thread,  its  light  became  fo  faint  as  to  be 
fee n only  in  a dark  room.  If  I leflened  the  furface  of  air 
which  received  the  fpark  by  fhortening  the  thread,  I never 
failed  to  increafe  the  brightnefs  of  the  appearance. 

exp.  ix.  To  prove  that  the  faintnefs  of  the  eleCtric  light  in 
vacuo  depends  on  the  enlarged  dimenfions  of  the  fpace  through 
which  it  is  diffufed,  we  have  nothing  more  to  do  than  to  in- 
troduce two  pointed  wires  into  the  vacuum,  fo  that  the  fluid 
may  pafs  from  the  point  of  the  one  to  the  point  of  the  other, 
when  the  diftance  between  them  is  not  more  than  the  one-tenth 
of  an  inch.  In  this  cafe  we  fliall  find  a brilliancy  as  great  as 
in  the  open  air. 

exp.  x.  Into  a Torricellian  vacuum,  36  inches  in  length,  I 
conveyed  as  much  air  as  would  have  filled  two  inches  only  of  the 
exhaufted  tube,  if  it  were  inverted  in  water.  This  quantity  of 
air  afforded  refiflance  enough  to  condenfe  the  fluid  as  it  palled 
through  the  tube  into  a fpark  38  inches  in  length.  The  bril- 
liancy of  the  fpark  in  condenfed  air,  in  water,  and  in  all  fub- 
ffances  through  which  it  paffes  with  difficulty,  depends  on 
principles,  fimilar  to  thofe  which  account  for  the  preceding  faCts, 
I would  now  proceed  to  fhew, 

5.  That  in  the  appearances  of  electricity,  as  well  as  in  thofe 
of  burning  bodies,  there  are  cafes  in  which  all  the  rays  of  light 
do  not  efcape ; and  that  the  molt  refrangible  rays  are  thofe 
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which  efcape  firft  or  mofl  eafily.  The  electrical  brufh  is 
always  of  a purple  or  bluifh  hue.  If  you  convey  a fpark 
through  a Torricellian  vacuum,  made  * without  boiling  the 
mercury  in  the  tube,  the  brufh  will  difplay  the  indigo  rays. 
The  fpark,  however,  may  be  divided  and  weakened  even  in 
the  open  air,  fo  as  to  yield  the  mod;  refrangible  rays  only. 

exp.  xi.  To  an  infulated  metallic  ball,  four  inches  in  dia- 
meter, I fixed  a wire  a foot  and  a half  long.  This  wire  termi-* 
nated  in  four  ramifications,  each  of  which  was  fixed  to  a 
metallic  ball  half  an  inch  in  diameter,  and  placed  at  an 
equal  diftance  from  a metallic  plate,  which  communicated  by 
metallic  condu&ors  with  the  ground.  A powerful  fpark,  after 
falling  on  the  large  ball  at  one  extremity  of  the  wire,  was 
divided  in  its  paffage  from  the  four  fmall  balls  to  the  metallic 
plate.  When  I examined  this  divifion  of  the  fluid  in  a dark 
room,  I difcovered  fome  little  ramifications  which  yielded  the 
indigo  rays  only : indeed,  at  the  edges  of  all  weak  fparks  the 
fame  purple  appearance  may  be  difcovered.  We  may  likewifo 
obferve,  that  the  nearer  we  approach  the  center  of.  the  fpark, 
the  greater  is  the  brilliancy  of  its  colour.  But  I would  now 
with  tolhew 

6.  That  the  influence  of  different  media  on  ele&rical  light 
is  analogous  to  their  influence  on  folar  light,  and  will  help  us 
to  account  for  fome  very  lingular  appearances. 

exp.  xn.  Let  a pointed  wire,  having  a metallic  ball  fixed  to  one 
of  its  extremities,  be  forced  obliquely  into  a piece  of  wood,  fo  as 
to  make  a fmall  angle  with  the  furface  of  the  wood,  and  to  make 

* If  the  Torricellian  vacuum  is  made  with  mercury  perfe&ly  purged  of  air,  it 
becomes  a perfeft  non-condu&or.  This,  I believe,  will  be  proved  decifively  by 
Ibsae  experiments  which  I hope  will  be  foon  communicated  to  the  Royal  Society. 

Dr.  Price., 

the 


I 


the  Light  of  Bodies  in  a State  of  Combujlion . 2©  ^ 

the  point  lie  about  one-eighth  of  an  inch  below  the  furface. 
Let  another  pointed  wire,  which  communicates  with  the  ground, 
be  forced  in  the  fame  manner  into  the  fame  wood,  fo  that 
its  point  likewife  may  lie  about  one-eighth  of  an  inch  below 
the  furface,  and  about  two  inches  diftant  from  the  point  of 
the  firft  wire.  Let  the  wood  be  infulated,  and  a flrong  fpark 
which  hrikes  011  the  metallic  ball  will  force  its  paffage  through 
the  interval  of  wood  which  lies  between  the  points,  and  appear 
as  red  as  blood.  To  prove  that  this  appearance  depends  on  the 
wood’s  abforption  of  all  the  rays  but  the  red,  I would  obferve, 
that  the  greater  the  depth  of  the  points  is  below  the  furface,  the 
lefs  mixed  are  the  red  rays.  I have  been  able  fometimes,  by  in- 
creafing  or  dimmifhing  the  depth  of  the  points,  to  give  the 
fpark  the  following  fucceffion  of  colours.  When  they  were 
deepeft  below  the  furface,  the  red  only  came  to  the  eye  through 
a prifim  When  they  were  raifed  a little  nearer  the  furface, 
the  red  and  orange  appeared.  When  nearer  {fill,  the  yellow ; 
and  fo  on  till,  by  making  the  fpark  pafs  through  the  wood  very- 
near  its  furface,  all  the  rays  were  at  length  able  to  reach  the 
eye.  If  the  points  be  only  one-eighth  of  an  inch  below  the 
furface  of  foft  deal  wood,  the  red,  the  orange,  and  the  yel- 
low rays  will  appear  as  the  fpark  pafles  through  it.  But  when 
the  points  are  at  an  equal  depth  in  a harder  piece  of  wood  (fuch 
as  box)  the  yellow,  and  perhaps  the  orange,  will  difappear.  As 
a farther  proof  that  the  phenomena  I am  defcribing  are  owing  to 
the  interpofition  of  the  wood,  as  a medium  which  abforbs  fome 
©f  the  rays  and  fuffers  others  to  efcape,  it  may  be  obferved,  that 
when  the  fpark  ftrikes  very  brilliantly  on  one  fide  of  the  piece 
©f  dealj  on  the  other  fide  it  will  appear  very  red.  I11  like  man- 
gier a red  appearance  may  be  given  to  a fpark  which  ftrike$ 

brilliantly 
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brilliantly  over  the'  infide  of  a tube,  merely  by  fpreading  fome 
pitch  very  thinly  over  the  outfide  of  the  fame  tube. 

exp.  xm.  I would  now  give  another  fact,  whofe  Angulari- 
ties depend  very  much  on  the  influence  of  the  medium  through 
which  the  electrical  light  is  made  to  pafs.  If  into  a Torricel- 
lian vacuum,  of  any  length,  a few  drops  of  aether  are  conveyed, 
and  both  ends  of  the  vacuum  are  flopped  up  with  metallic  con- 
ductors, fo  that  a fpark  may  pafs  through  it,  the  {park  in  its 
paffage  will  a flu  me  the  following  appearances.  W hen  the  e^e 
is  placed  clofe  to  the  tube,  the  fpark  will  appear  perfeftly 
white.  If  the  eye  is  removed  to  the  diftance  of  two  yards,  it 
will  appear  green  ; but  at  the  diftance  of  fix  or  feven  yards, 
the  colour  of  the  fpark  will  be  reddifh.  Thefe  changes  evi- 
dently depend  on  the  quantity  of  medium  through  which  the 
the  light  pafles ; and  the  red  light  more  particularly,  which 
we  fee  at  the  greateft  diftance  from  the  tube,  is  accounted  for 
on  the  fame  principle  as  the  red  light  of  a diftant  candle  or  a 
beclouded  fun. 

exp.  xiv.  Dr.  Priestley  long  ago  obferved  the  red  ap- 
pearance of  the  fpark  when  palling  through  inflammable  air. 
But  this  appearance  is  very  much  diversified  by  the  quantity  of 
medium,  through  which  you  look  at  the  fpark.  When  at  a 
very  confiderable  diftance,  the  red  comes  to  the  eye  unmixed ; 
but,  if  the  eye  is  placed  clofe  to  the  tube,  the  fpark  appears 
white  and  brilliant.  In  confirmation,  however,  of  fome  of 
my  conclufions,  I would  obferve,  that  by  increafing  the 
quantity  of  fluid  which  is  conveyed  through  any  portion 
of  inflammable  air,  or  by  condenfing  that  air,  the  fpark  may 
be  entirely  deprived  of  its  red  appearance,  and  made  perfectly 
brilliant.  I have  only  to  add,  that  all  weak  explofions  and 
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fparks,  when  viewed  at  a diffance,  bear  a reddifh  hue.  Such 
are  the  explofions  which  have  palled  through,  water,  fpirits  of 
wine,  or  any  bad  conductor,  when  confined  in  a tube  whofe 
diameter  is  not  more  than  an  inch.  The  reafon  of  thefe 
appearances  feems  to  be,,  that  the  weaker  the  fpark  or  explofion 
is,  the  lefs  is  the  light  which  eicapes ; and  the  ' more  vifible 
the  effect  of  any  medium  which  has  a power  £0  abforb  forne  of 
that  light. 

The  preceding  obfervations  concerning  electrical  light  were 
the  refill t of  my  attempts  to  arrange,  under  general  heads, 
the  principal . Angularities  attending  it.  They  may,  perhaps,, 
affiit  others  in  determining  how  far  they  may  have  led  my  mind: 
affray  in  giving  birth  to  a theory  which  I would  now  briefly 
delcff.be  in  a few  queries. 

I.  If  we  confide?  all  bodies  as  compounds,  whofe.  conffituenf 
parts  are  kept  together  by  attracting  one  another  with  different 
forces,  can  we  avoid  concluding,  that  the  operations  of  that 
attraTive  force  are  regulated,  not  only  by  the  quality,  but  the 
quantity likewife  of  thole  component  parts?  If  an  union  of  a. 
certain  number  of  one  kind  of  particles,  with  a certain  num- 
ber of  a fecond  and  third  kind  of  particles,,  forms  a particular 
body,  muff  not  the  bond  which  keeps  that  body  together  be 
weakened  or  ftrengthened  by  mcreafing  or  diminifhing  any  one 
of  the  different  kinds  of  particles  which  enter  into  its  confti- 
tution  ? 

II.  When,  to  the  natural  fhare  of  the  electric  fluid  al- 
ready exlfting  in  the  body,  a frefh  quantity  of  the  fame 
fluid  is  added,  muff  not  feme  of  the  component  parts  of  that 
body  efcape ; or  muff  not  that  attractive  force  which  kept  all 
together  be  fo  far  weakened  as  to  let  loofe  feme  conffituent 

parts,. 
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parts,  and  amongft  thefe  the  particles  of  light  in  parti- 
cular ? 

III.  Mu  ft  not  this  reparation  of  parts  be  great  in  proportion 
to  the  quantity  of  extraneous  particles  which  are  added  to  the 
body  ? Or  (agreeable  to  the  4th  obfervation)  muft  not  the 
fpark  be  more  fplendid  and  brilliant,  the  more  the  electrical 
fluid  is  concentered  in  any  given  fpace  ? 

IV.  In  the  diminution  or  alteration  of  that  attra&ive  force  on 
which  depends  the  conftitution  of  bodies,  may  there  not  be  a 
gradation  which,  in  the  prefent  cafe,  as  well  as  in  that  of 
burning  bodies,  will  caufe  the  efcape  of  fome  rays  {boner  than 
others  ? 


Obfervatlons  on  phofphoric  tight* 

It  is  obvious,  from  Mr.  B.  Wilson’s  experiments,  that 
there  are  many  curious  diverfities  in  the  appearances  of  phof- 
phori.  Some  fliells,  prepared  agreeably  to  his  directions,  after 
expofure  to  the  fun  or  to  the  flaffi  of  a battery,  emit  a purple, 
others  a green,  and  others  a reddifh  light.  If  with  Mr.  Wil- 
son we  fuppofe,  that  thefe  fhells  are  in  a ftrate  of  flow  com- 
buftion,  may  we  not  conclude,  that  fome  are  juft  beginning  to 
burn,  and  therefore,  agreeably  to  what  I have  obferved  on  com- 
bnftibie  bodies,  emitting  the  moft  refrangible  rays;  whilft  others 
are  in  a more  advanced  ftate  of  cornbuftion,  and  therefore 
emitting  the  leaft  refrangiible.  If  this  conclufioii  be  right, 
the  fhells  which  are  emitting  the  purple,  or  the  green,  muft 
ftill  retain  the  yellow,  the  orange,  and  the  red,  which  will 
aifo  make  their  appearance  as  foon  as  the  cornbuftion  is  fuffi- 
ciently  increafed. 
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JEx.p,  xv.  Place  a fliell  whilft  emitting  its  green  rajs  on  a 
warm  fhovel,  and  the  appearance  of  the  (hell  will  be  foon 
changed  into  that  of  a yellow  mixed  with  red.  To  Mr.  Wil- 


son’s theory,,  however,  of  (low  comhuftion  the  following  ob- 
jections may  be  oppofed. 

i°.  If  phofphoric  fhel'ls  owe  their  light  to  this  caufe,  we 
imrd:  confider  the  word  comhuftion  when  applied  to  them  as 
implying  in  its  figuration  all  thofe  circumftances  which  are 
the  ufual  attendants  of  a body  whilft  0,11  fire.  Amongft  other 
neceffary  confequences  in  fuch  a cafe,  the  increase  of  heat  muft 
increafe  the  decompoiition  of  the  combuftible ; whereas  we 
difco-vei  an  effedf  the  very  oppofite  to  this  in  the  appearance  of 
a phofphoric  body,  which  never  fails  to  lole  its  light  entirely 
in  a certain  degree  of  heat,  without  loling  the  power  of  be- 
coming phofphoric  again  when  it  has  been  fufficiently  cooled. 
Befides,  when  a phofphoric  fliell  has  been  made  very  hot,  and 
while  it  has  continued  fo,  I have  conveyed  the  mofr  brilliant 
difcharge  of  a battery  over  it  without  effeCh  In  other  words, 
heat,  or  the  very  caufe  which  promotes  comhuftion  in  all  other 
inftances,  in  this  particular  cafe  puts  an  end  to  it.  Mr.  Wil- 


son, in  his  Treatife  on  Phofphori,  has  defcnbed  an  experiment 
fimilar  to  the  preceding.  But  the  refulthe  mentions  is  different 
from  that  here  mentioned.  However,  from  a regard  to  his 
authority,  I have  fo  frequently  repeated  my  trials  that  I cannot 
juftly  fufped  myfelf  of  any  inaccuracy.  20.  When  bodies 
are  wafted  by  comhuftion,  they  can  never  be  made  to  re-aflume 


the  appearances  which  they  previoufly  difplayed.  No  power 
can  give  to  allies  the  phenomena  of  a burning  coal.  But 
phofphoric  bodies  are  very  different  in  this  refpetf: ; for  a fheli 
may  be  made  to  lofe  all  its  light  by  expofure  to  heat,  and  again 
VomLXXM  Ec  m,y 
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fnay  be  made  as  luminous  as  ever  by  expo  fu  re  to  the  fun.  But 
30.  ft  is  obfervable,  that  lome  bodies,  which  are  moft  beau- 
tifully phofphoric,  or  which,  according  to  Mr.  Yvilsons 
thsorv,  are  in  the  be  ft  ftrte  of  flow  combuftion  ; it  is  obfervable, 
I fay,  that  the  fame  bodies  are  the  moft  obftinate  in  refilling  the 
fire.  The  diamond,  which  to  be  decompofed  requires  the 
force  of  a moft  powerful  furnace,  is,  according  to  this 
theory,  wafting  away,  owing  to  a feparation  of  parts  which 
is  promoted  by  the  weakeft  influence  of  the  fun’s  rays. — With- 


out determining  whether  the  preceding  objections  be  valid,  let  us 
now  fee  the  confequence  of  admitting  the  common  hypothefis, 
that  the  detention  of  thofe  rays  which  fall  upon  phofphori  is 
owdng  to  fome  force  which  prevents  their  immediate  refledtion, 
but  is  not  adequate  to  their  entire  abforption.  This  force, 
whatever  it  be,  cannot  well  be  fuppofed  to  operate  with  equal 
power  on  all  the  rays.  And  if  this  be  not  the  cafe,  I think 
we  cannot  avoid  concluding,  that  phofphoric  fhells  will  afl'ume 
different  colours,  owing  to  the  earlier  and  later  efcape  of  the 
different  rays  of  light.  This  conclufion  is  juftified  by  an  expe- 
riment which  I have  already  appealed  to.  When  the  force  is 
fach  as  to  admit  of  the  efcape  of  the  purple,  the  blue,  and  the 
green,  we  have  only  to  leffen  that  force  by  warming  the  body^ 
and  the  yellow,  the  orange,  and  red  efcape.  It  is  proved  hy 
Becc aria’s  extenfive  experience  on  this  fubjedt,  that  there  is 
fcarcely  any  body  which  is  not  pholphoric,  or  which  may  not 
be  made  fo  by  heat.  But  as  the  phofphoric  force  is  moft 
powerful  when  the  purple  rays  only  efcape,  fo  we  are  to  con- 
clude, that  it  is  weakeft  when  it  is  able  to  retain  the  red  rays  only. 
This  conclufion  is  agreeable  to  feveral  fadts.  Chalk,  oyfter- 
fhells,  together  with  thole  phofphoric  bodies  whofe  goodnefs 
n has 
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has  been  very  much  impaired  by  long  keeping ; when, 
finely  powdered  and  placed  within  the  circuit  of  an  electrical 
battery,  will  exhibit  by  their  fcattered  particles  a fhower 
of  light;  but  thefe  particles  will  appear  reddifh,  or  their 
phofphoric  power  will  be  fufficient  only  to  detain  the 
yellow,  orange,  and  red  rays.  When  fpirits  of  wine  are  in  a 
limilar  manner  brought  within  the  circuit  of  a battery,  a 
fimilar  effeCt  may  be  difcovered  ; its  particles  diverge  in  lev  era! 
directions,  difplaying  a molt  beautiful  golden  appearance.  The 
metallic  calces  are,  of  all  bodies,  thofe  which  are  rendered 
phofphoric  with  the  greateft  difficulty.  But  even  thefe  may 
be  fcattered  into  a Ihower  of  red  luminous  particles  by  the 
eleCtric  ftroke. 

Norwich,  Oct.  7,  1784. 


POSTSCRIPT  by  the  Rev*  Df.  Price. 

BY  the  phofphoric  force  mentioned  in  the  laft  paragraph  of 
this  paper,  Mr.  Morgan  appears  to  mean,  not  the  force  with 
which  a phofphoric  body  emits , but  the  force  with  which  it 
abforbs  and  retains  light.  This  laft  force  is  proportioned 
to  the  degree  of  attraction  between  the  phofphoric  body  and 
light ; and  therefore  muft  (as  Mr.  Morgan  obferves)  be 
weakef  when  it  emits  fo  freely  the  light  it  has  imbibed  as  not 
to  retain  thofe  rays  which  adhere  to  it  moft  ftrongly.  Ac- 
cording to  Mr,  Morgan’s  theory,  thefe  rays  are  thofe  which 
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are  lead  refrangible.  The  obfervations  and  experiments  in 
this  paper  feem  to  render  this  theory  probable.  It  is,  how- 
ever, an  objection  to  it,  that  the  lefs  refrangibility  of  rays 
teems  to  imply  a lefs  force  of  attraction  between  them  and  the 
fubftances  which  refrad  them ; but  it  fhould  be  confidered, 
that,  poffibly,  the  force  of  cohefion,  which  unites  the  rays 
of  light  to  bodies,  may  be  a different  power  from  that  which 
refrads  them. 


[ 2’3  ] 


XII.  On  the  Conjlrudlion  of  the  Heavens . 

By  William  Herfchel,  EJq.  F.  R.  S » 

Read  February  3,  1785. 

rjIHE  fubjedt  of  the  ConftruCtion  of  the  Heavens,  on- 
A which  I have  fo  lately  ventured  to  deliver  my  thoughts 
to  this  Society,  is  of  fo  extenfive  and  important  a nature,  that 
we  cannot  exert  too  much  attention  in  our  endeavours  to  throw 
all  poffible  light  upon  it;  I fhall,  .therefore,  now  attempt 
to  purfue  the  delineations  of  .which  a faint  outline  was  begun 
in  my  former  paper. 

By  continuing  to  obferve  the  heavens  with  my  laft  con- 
RruCted,  and  lince  that  time  much  improved  inftrument,  I am 
now  enabled  to  bring  more  confirmation  to  feveral  parts  that 
were  before  but  weakly  fupported,  and  alfo  to  offer  a few  ffill 
further  extended  hints,  fuch  as  they  prefoil t themfelves  to  my 
prefen t view.  But  firft  let-  me  mention  that,  if  we  would 
hope  to  make  any  progrefs  -in  an  inveftigation  of  this  delicate 
nature,  we  ought  to  avoid  two  oppofite  extremes,  of  which  I 
can  hardly  lay  which  is  the  moft  dangerous.  If  we  indulge  a 
fanciful  imagination  and  build  worlds  of  our  own,  we  muff 
not  wonder  at  our  going  wide  from  the  path  pf  truth  and 
nature ; but  thefe  will  vanilh  like  the  Cartelian  vortices,  that 
foon  gave  way  when  better  theories  weye  offered.  On  the  other 
hand,  if  we  add  obfervation  to  obfervation,  without  attempt- 
ing to  draw  not  only  certain  concluliojis,  but  alfo  conjectural 
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views  from  them,  we  offend  again  ft  the  very  end  for  which 
only  obfervations  ought  to  be  made.  3 will  endeavour  to  keep 
a proper  medium  ; but  if  1 ftiould  deviate  from  that,  1 could 
\vifh  not  to  fall  into  the  latter  error. 

That  the  milky  way  is  a mold  extenflve  ftratum  of  ftars  of 
various  fizes  admits  no  longer  of  the  lead;  doubt ; and  that  our 
fun  is  aftually  one  of  the  heavenly  bodies  belonging  to  it  is  as 
evident.  I have  now  viewed  and  gaged  this  filming  zone  in 
almoft  every  direction,  and  find  it  compofed  of  ftars  whole 
number,  by  the  account"of  thefe  gages,  conftantiy  increafes 
and  decreafes  in  proportion  to  its  apparent  brightnefs  to  the 
naked  eye.  But  in  order  to  develop  the  ideas  of  the  univerfe, 
that  have  been  fuggefted  by  my  late  obfervations,  it  will  be  beft 
to  take  the  fubject  from  a point  of  view  at  a confiderable 
diftance  both  of  fpace  and  of  time. 

Theoretical  view. 

Let  us  then  fuppofe  numberlefs  ftars  of  various  fizes,  feat- 
tered  over  an  indefinite  portion  of  fpace  in  fuch  a manner  as  to 
be  almoft  equally  diftributed  throughout  the  whole.  The  laws 
of  attra&ion,  which  no  doubt  extend  to  the  remoteft  regions  of 
the  fixed  ftars,  will  operate  in  fuch  a manner  as  moft  probably  to 
produce  the  following  remarkable  efte&s. 

Formation  of  nebula. 

Form  I.  In  the  firft  place,  fince  we  have  fttppofed  the  flats 
to  be  of  various  fizes,  it  will  frequently  happen  that  a flat, 
being  confiderably  larger  than  its  neighbouring  ones,  will 
attract  them  more  than  they  will.be  attracted. by  others  that  are 
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immediately  around  them  ; by  which  means  they  will  be,  in 
time,  as  it  were,  condenfed  about  a center  ; or,  in  other  words* 
form  themfelves  into  a cluftef  of  ftars  of  almoft  a globular 
figure,  more  or  lefs  regularly  fo,  according  to  the  fize  and 
original  diftance  of  the  lurrounding  ftars.  The  perturbations 
of  thefe  mutual  attractions  muff  undoubtedly  be  very  intricate, 
as  we  may  eafily  comprehend  by  confidering  what  Sir  Isaac 
Newton  fays  in  the  firft  book  of  his  Principia,  in  the  38th 
and  following  problems ; but  in  order  to  apply  this  great 
author’s  reafoning  of  bodies  moving  in  ellipfes  to  fuch  as  are 
here,  for  a while,  fuppofed  to  have  no  other  motion  than  what 
their  mutual  gravity  has  imparted  to  them,  we  muff  fuppofe 
the  conjugate  axes  of  thefe  ellipfes  indefinitely  diminifhed, 
whereby  the  ellipfes  will  become  ftraight  lines. 

Form  II.  The  next  cafe,  which  will  alfo  happen  almost  as 
frequently  as  the  former,  is  where  a few  flats,  though  not 
fuperior  in  fize  to  the  reft,  may  chance  to  be  rather  nearer  each 
other  than  the  furrounding  ones ; for  here  alfo  will  be  formed  a 
prevailing  attraction  in  the  combined  center  of  gravity  of  them 
ail,  which  will  occafion  the  neighbouring  ftars  to  draw  toge- 
ther ; not  indeed  fo  as  to  form  a regular  or  globular  figure,  but 
however  in  fuch  a manner  as  to  be  condenfed  towards  the 
common  center  of  gravity  of  the  whole  irregular  clutter.  And 
this  conftruCtion  admits  of  the  utmofit  variety  of  fhapes,  ac- 
cording to  the  number  and  fituatiun  of  the  ftars  which  firft 
gave  rife  to  the  condenfation  of  the  reft. 

Form  HI.  From  the  competition  and  repeated  conjunction 
of  both  the  foregoing  forms,  a third  may  be  derived,  when  many- 
large  ftars,  or  combined  fmall  ones,  are  fituated  in  long  ex- 
tended, regular,  or  crooked  rows,  hooks,  or  branches ; for  they 
will  alfo  draw  the  furrounding  ones,  fo  as  to  produce  figures 
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of  condenfed  liars  coarfely  fimilar  to  the  former  which  gave 
rife  to  thefe  condensations. 

Form  IV.  We  may  likewife  admit  of  Fill  more  extenfive 
combinations;  when,  at  the  fame  time  that  a duller  of  fars 
is  forming  in  one  part  of  fpace,  there  may  be  another  collect- 
ing in  a different,  but  perhaps  not  far  diFant  quarter,  which 
may  occafion  a mutual  approach  towards  their  common  center 
of  gravity. 

■?  V.  In  the  lad  place,  as  a natural  confequence  of  the 
former  cafes,  there  will  be  formed  great  cavities  or  vacancies 
by  the  retreat  of  the  flars  towards  the  various  centers  which 
attract  them  ; fo  that  upon  the  whole  there  is  evidently  a field 
of  the  greateF  variety  for  the  mutual  and  combined  attractions 
of  the  heavenly  bodies  to  exert  themfelves  in.  I fh all,  there- 
fore, without  extending  myfelf  farther  upon  this  fubjeCt,  pro- 
ceed to  a few  confiderations,  that  will  naturally  occur  to  every 
one  who  may  view  this  fubjeCt  in  the  light  1 have  here  done. 

Objections  confidered. 

At  firft  fight  then  it  will  feem  as  if  a fyflem,  fuch  as  it  has 
been  difplayed  in  the  foregoing  paragraphs,  would  evidently 
tend  to  a general  deflruClion,  by  the  fhock  of  one  Far’s 
falling  upon  another.  It  would  here  be  a Sufficient  anfwer  to 
fay,  that  if  obfervation  Fiould  prove  this  really  to  be  the 
fyFem  of  the  univerfe,  there  is  no  doubt  but  that  the  great 
Author  of  it  has  amply,  provided  for  the  prefervation  of  the 
whole,  though  it  Fiould  not  appear  to  us  in  what  manner  this 
is  effeCled.  But  I Frail  moreover  point  out  feveral  circutn- 
Fances  that  do  manifefrly  tend  to  a general  prefervation  ; as,  in 
the  firF  place,  the  indefinite  extent  of  the  fidereal  heavens, 
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which  mult  produce  a balance  that  will  effectually  fecure  all 
the  great  parts  of  the  whole  from  approaching  to  each  other. 
There  remains  then  only  to  fee  how  the  particular  {tars  be- 
longing to  feparate  clutters  will  be  preferved  from  nifhing  on 
to  their  centers  of  attraction.  And  here  I mult  oblerve,  that 
though  I have  before,  by  way  of  rendering  the  cafe  more  fim- 
ple,  confidered  the  {tars  as  being  originally  at  reft,  I intended 
not  to  exclude  projeCtile  forces ; and  the  admiffion  of  them 
will  prove  fuch  a barrier  againft  the  feeming  deftruCtive  power 
of  attraction  as  to  fecure  from  it  all  the  {tars  belonging  to  a 
clutter,  if  not  for  ever,  at  lealt  for  millions  of  ages.  Befides, 
we  ought  perhaps  to  look  upon  fuch  clutters,  and  the  deftruc- 
tion  of  now  and  then  a {tar,  in  fome  thoufands  of  ages,  as 
perhaps  the  very  means  by  which  the  whole  is  preferved  and 
renewed.  Thefe  clutters  may  be  the  Laboratories  of  theuniverfe, 
if  I may  fo  exprefs  myfelf,  wherein  the  molt  falutary  remedies 
for  the  decay  of  the  whole  are  prepared. 

Optical  appearances. 

From  this  theoretical  view  of  the  heavens,  which  has  been 
taken,  as  we  obferved,  from  a point  not  lefs  diftant  in  time 
than  in  fpace,  we  will  now  retreat  to  our  own  retired  ftation, 
in  one  of  the  planets  attending  a {tar  in  its  great  combination 
with  numberlefs  others ; and  in  order  to  inveftigate  what  will 
be  the  appearances  from  this  contracted  fituation,  let  us  begin 
with  the  naked  eye.  The  {tars  of  the  firft  magnitude  being 
.in  all  probability  the  nearett,  will  furnifh  us  with  a Itep  to 
begin  our  fcale;  fetting  off,  therefore,  with  the  diltance  of 
Sirius  or  ArCturus,  for  inltance,  as  unity,  we  will  at  prefent 
luppofe,  that  thofe  of  the  fecond  magnitude  are  at  double,  and 
Vol.  LXXV.  F f thofe 
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thofe  of  the  third  at  treble  the  diftance,  and  fo  forth.  It  is  not 
necefiary  critically  to  examine  what  quantity  of  light  or  mag- 
nitude of  a ftar  intitles  it  to  be  eftimated  of  fuch  or  fuch  a pro- 
portional diftance,  as  the  common  coarfe  eftimation  will  anfwer 
our  prefent  purpofe  as  well;  taking  it  then  for  granted,  that  a 
{tar  of  the  feventh  magnitude  is  about  feven  times  as  far  as 
one  of  the  find,  it  follows,  that  an  obferver,  who  is  inclofed 
in  a globular  clutter  of  {tars,  and  not  far  from  the  center,  will 
ilever  be  able,  with  the  naked  eye,  to  fee  to  the  end  of  it : for, 
lince,  according  to  the  above  eflimations,  he  can  only  extend  his 
view  to  about  feven  times  the  diftance  of  Sirius,  it  cannot  be 
expedted  that  his  eyes  fhould  reach  the  borders  of  a clufter 
which  has  perhaps  not  lefs  than  fifty  ftars  in  depth  every  where 
around  him.  The  whole  univerfe,  therefore,  to  him  will  be 
comprifed  in  a fet  of  conftellations,  richly  ornamented  with 
fcattered  ftars  of  all  fizes.  Or  if  the  united  brightnefs  of  a 
neighbouring  clufter  of  ftars  fliould,  in  a remarkable  clear 
night,  reach  his  fight,  it  will  put  on  the  appearance  of  a fmall, 
faint,  whitifh,  nebulous  cloud,  not  to  be  perceived  without 
the  greateft  attention.  To  pafs  by  other  fituations,  let  him 
be  placed  in  a much  extended  ftratum,  or  branching  clufter  of 
millions  of  ftars,  fuch  as  may  fall  under  the  IIId  form  of  ne- 
bulae confidered  in  a foregoing  paragraph.  Here  alfo  the  hea- 
vens will  not  only  be  richly  fcattered  over  with  brilliant  con- 
ftellations,  but  a fhining  zone  or  milky  way  will  be  perceived 
to  furround  the  whole  fphere  of  the  heavens,  owing  to  the 
combined  light  of  thofe  ftars  which  are  too  fmall,  that  is,  too 
remote  to  be  feen.  Our  obferver’s  fight  will  be  fo  confined, 
that  he  will  imagine  this  fingle  collection  of  ftars,  of  which  he 
does  not  even  perceive  the  thoufandth  part,  to  be  the  whole 
contents  of  the  heavens.  Allowing  him  now  the  ufe  of  a 
4 common 
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common  telefcope,  he  begins  to  fufpett  that  all  the  milkinefs 
of  the  bright  path  which  forrounds  the  fphere  may  be  owing 
to  flars.  He  perceives  a few  cluflers  of  them  in  various  parts 
of  the  heavens,  and  finds  alfo  that  there  are  a kind  of  nebu- 
lous patches  ; but  hill  his  views  are  not  extended  fo  far  as  to 
reach  to  the  end  of  the  flratum  in  which  he  is  fituated,  fo  that 
he  looks  upon  thefe  patches  as  belonging  to  that  fyflem  which 
to  him  feems  to  comprehend"  every  celeftial  object.  He  now 
i-ncreafes  his  power  of  vifion,  and,  applying  himfeif  to  a clofe 
obfervation,  finds  that  the  milky  way  is  indeed  no  other  than  a 
collection  of  very  fmall  flats.  He  perceives  that  thofe  objeCts 
which  had  been  called  nebulae  are  evidently  nothing  but  cluflers 
of  liars.  He  finds  their  number  increafe  upon  him,  and  when 
he  refolves  one  nebula  into  flats  he  difcovers  ten  new  ones 
which  he  cannot  refolve,  He  then  forms  the  idea  of  immCnfe 
flrata  of  fixed  flars,  of  cluflers  of  flats  and  of  nebulae  (a)  ; till, 
going  on  with  fuch  interefling  observations,  he  now  perceives 
that  all  thefe  appearances  mufl  naturally  a rife  from  the  con- 
fined fituation  in  which  we  ate  placed.  Confined  it  mayjuflly 
be  called * though  in  no  lefs  a fpace  than  what  before  appeared 
to  be  the  whole  region  of  the  fixed  flars  ; but  which  now  has 
affirmed  the  fhape  of  a crookedly  branching  nebula;  not,  in** 
deed*  one  of  the  leaf!,  but  perhaps  very  far  from  being  the 
mofl  confiderable  of  thofe  numberlefs  cluflers  that  enter  into 
the  conflrudion  of  the  heavens. 

Refult  of  Obfervations • 

1 fhall  now  endeavour  to  ffiew,  that  the  theoretical  view  of 
the  fyflem  of  the  univerfe*  which  has  been  expofed  in  the 
{a)  See  a former  paper  on  the  Conftru&ion  of  the  Heavens. 

F f % fore- 
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foregoing  part  of  this  paper,  is  perfectly  confident  with  fabls, 
and  feems  to  be  confirmed  and  efhablifhed  by  a feries  of  obfer- 
vations.  It  will  appear,  that  many  hundreds  of  nebulas  of  the 
fir  ft  and  fecond  forms  are  adtually  to  be  feen  in  the  heavens, 
and  their  places  will  hereafter  be  pointed  out.  Many  of  the 
third  form  will  be  defcribed,  and  inllances  of  the  fourth  re- 
lated. A few  of  the  cavities  mentioned  in  the  fifth  will  be 
particularifed,  though  many  more  have  already  been  obferved ; 
l'o  that,  upon  the  whole,  I believe,  it  will  be  found,  that  the 
foregoing  theoretical  view,  with  all  its  confequential  appear- 
ances, as  feen  by  an  eye  inclofed  in  one  of  the  nebulae,  is  no 
other  than  a drawing  from  nature,  wherein  the  features  of  the 
original  have  been  clofely  copied ; and  1 hope  the  refemblance 
will  not  be  called  a bad  one,  when  it  lhall  be  confidered  how 
very  limited  mull;  be  the  pencil  of  an  inhabitant  of  fo  fmall 
and  retired  a portion  of  an  indefinite  fyftem  in  attempting  the 
pidture  of  fo  unbounded  an  extent. 

But  to  proceed  to  particulars  : I lhall  begin  by  giving  the 
following  table  of  gages  that  have  been  taken.  In  the  firft 
column  is  the  right  alcenfion,  and  in  the  fecond  the  north 
polar  dillance,  both  reduced  to  the  time  of  Flamsteed’s 
Catalogue.  In  the  third  are  the  contents  of  the  heavens,  being 
the  refult  of  the  gages.  The  fourth  Ihews  from  how  many 
fields  of  view  the  gages  were  deduced,  which  have  been  ten  or 
more  where  the  number  of  the  liars  was  not  very  confiderable  ; 
but,  as  it  would  have  taken  too  much  time,  in  high  numbers, 
to  count  fo  many  fields,  the  gages  are  generally  fingle.  Where 
the  liars  happened  to  be  uncommonly  crouded,  no  more  than 
half  a field  was  counted,  and  even  fometimes  only  a quadrant ; 
but  then  it  was  always  done  with  the  precaution  of  fixing  on 
fome  row  of  liars  that  would  point  out  the  divifion  of  the  field, 
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fo  as  to  prevent  any  confiderable  miflake.  When  five,  ten,  or 
more  fields  are  gaged,  the  polar  diftance  in  the  fecond  column 
of  the  table  is  that  of  the  middle  of  the  fweep,  which  was 
generally  from  2 to  2f  degrees  in  breadth;  and,  in  gaging,  a 
regular  distribution  of  the  fields,  from  the  bottom  of  the  fweep 
to  the  top,  was  always  ftriftly  attended  to.  The  fifth  column 
contains  occafional  remarks  relating  to  the  gages. 


I.  Table  of  Star-Gages. 


R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 
0 1 41 

D.  M. 

78  47 

9>9 

IO 

! 0 4 55 

65  36 

20,0 

10 

0 7 54 

74  13 

11 ’3 

10 

Mefl  of  the  liars  extremely  fmall. 

0 8 24 

49  7 

60 

I 

The  gages  marked  with  an  allerilk 

0 9 52 

II3  J7 

4,i 

10 

0 12  52 

1 13  J7 

3,2 

10 

are  thofe  by  which  fig.  4.  tab. 

0 16  48 

67  44 

11,9 

10 

VIII.  has  been  delineated. 

0 21  52 

113  17 

3,9 

10 

* 

0 22  21 

87  10 

5,9 

10 

0 28  26 

46  54 

60 

I 

0 31  38 

46  54 

40 

I 

0 33  33 

65  32 

20,4 

10 

0 34  22 

56  3.8 
55  38 

20 

t 

I 

0 35  22 

24 

I 

" ** 

0 S6  39 

7&  32 

IJ,3 

10 

0 39  56 

78  43 

8,i 

10 

0 40  29 

48  43 

60 

X 

2 

0 44  21 

87  10 

7,6 

10 

0 46  22 

69  51 

1 1 

10 

0 46  33 

65  32 

J3 

10 

0 48  42 

58  47 

40 

1 

0 48  50 

I8  13 

*7 

1 

0 53  18 

67  41 

9,8 

10 

A little  hazy. 

0 53  4° 

45  37 

73 

1 

- 

0 54  10 

75  ^ 

13 

1 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums* 

H.  M.  S. 

D.  M- 

o 55  10 

73  16 

H 

I 

0 56  4 

74  0 

H 

I 

0 57  52 

"3  l7 

3,8 

10 

* 

0 59  10 

74  25 

*4 

1 

1 0 16 

74  16 

11, 1 

10 

1 1 10 

74  5 

11,2 

10 

1 1 18 

in  0 

5,2 

10 

Very  clear  for  this  altitude. 

1 2 52 

52  0 

28, 1 

10 

Moll:  of  the  flars  very  fmall. 

1 3 52 

1 13  *7 

2,8 

16 

* 

1 4 *5 

94  52 

7,5 

IO 

1 4 33 

65  32 

1 1,0 

10 

1 5 55 

7s  3i 

9,2 

IO 

1 7 27 

45  23 

58 

I 

1 12  0 

58  37 

20 

I 

1 12  48 

fco  19 

*3 

I 

1 -i 

1 13  4 

94  5° 

6»3 

ro 

1 i5  5i 

48  40 

3° 

1 

1 18  21 

48  40 

58 

1 

1 23  21 

48  40 

44 

1 

1 27  30 

65  42 

12,9 

io 

1 31  21 

87  7 

5,8 

IO 

* 32  4 

94  5° 

7,3 

10 

... 

1 33  10 

100  8 

6,4 

IO 

; ‘ W ® ' . 

1 33  32 

92  35 

7,i 

IO 

1 34  52 

60  8 

i7 

1 

....  . . — i hi  r 

1 43  3° 

65  42 

H,4 

IO 

1 45  24 

69  43 

7,i 

IO 

1 48  4 

100  12 

4,9 

IO 

1 54  24 

76  28 

12,1 

IO 

1 i / * % . , 

1 58  55 

61  55 

i5>° 

IO 

i s . 

2 4 28 

87  5 

6,4 

IO 

2 4 36 

78  38 

9,3 

IO 

2712 

94  56 

7,8 

IO 

280 

83  3 

7,3 

IO 

^ ■ 

2 IO  4 

100  12 

4,3 

10 

1 .... 

R,A. 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

2 ii  30 

65  45 

14,8 

10 

2 16  27 

no  54 

4,2 

10 

* 

2 19  27 

76  24 

9.9 

10 

2 22  17 

45  31 

82 

1 

2 23  6 

60  16 

14 

1 

2 23  19 

113  8 

4,2 

10 

* 

2 24  6 

58  3° 

*5  : 

1 

2 27  40 

1 15  21 

3.° 

10 

The  fituation  too  low  for  great  aceu- 

2 30  0 

94  56 

6 

10 

racy. 

2 31  23 

76  22 

i3>8 

10 

2 35  14 

87  2 

5.6 

10 

2 38  0 

94  56 

6,6 

10 

2 42  7 

61  50 

14,8 

10 

2 47  32 

74  3 

11, 1 

10 

Moll:  of  the  liars  exceedingly  fmall. 

2 49  22 

92  55 

9,0 

10 

2 49  3° 

110  55 

6,1 

10 

* 

2 50  ° 

94  56 

6,8 

10 

2 54  53 

76  22 

9.2 

10 

2 59  56 

81  10 

6,1 

10 

3 1 53 

78  37 

4.i 

10 

3 1 56 

81  10 

5.1 

10 

3 4 53 

78  37 

3.5 

10 

3 10  20 

1 00  2 

6,8 

10 

3116 

59  29 

7>° 

5 

In  a part  of  the  heavens  which  looks 

3 J3  6 

59  29 

6,1 

10 

pretty  full  of  liars  to  the  naked 

3 *5  6 

59  29 

9.4 

10 

eye. 

3 22  57 

83  1 

io.3 

10 

3 23  21 

92  49 

10,1 

10 

3 29  4i 

46  35 

55 

1 

3 35  0 

62  1 

i5 

1 

About  1 5 liars  generally  in  the  field. 

3 35  12 

100  3 

7.4 

10 

3 36  1 

”3  3 

4.9 

10 

* 

3 42  49 

46  10 

54 

1 

3 48  16 

99  59 

8,1 

10 

3 55  “ 

74  2 

1 1,0 

10 

R.A. 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

II.  M.  S. 

D.  M. 

4 i 24 

92  48 

!3>8 

10 

4 6 18 

82  57 

*3>4 

10 

4 8 31 

”4  55 

4)2 

10 

* 

4 41 

69  33 

I5»3 

10 

And  many  more,  extremely  fmall, 

4 16  34 

112  45 

6,2 

10 

% fufpefted. 

4 26  34 

112  45 

8,8 

10 

* 

4 27  XI 

70  41 

25 

I 

4 28  41  , 

70  1 

17 

1 

4 29  5 

69  24 

3° 

1 

4 3°fJ4 

99  5° 

9)7 

10 

* 

4 31  l9  : 

&7  33 

i5>6 

10 

4 32  29 

69  2 

36 

1 

4 33  31 

114  55 

8,1 

IO 

* 

4 42  14 

86  27 

19,9  ' 

10 

4 53  22 

72  59 

56 

1 

4 57  45 ! 

83  22 

38  i 

1 

4 58  45 

84  36 

.35 

1 

5 J 16 

69  23 

34 

1 

5 3 45 

83  29 

J7)7 

6 

5 10  52 

69  22 

74 

1 

5 11  22 

96  37 

24 

1 

5 *7  22 

96  *5 

8,9 

8 

5 18  0 

80  46 

30 

1 

About  30  ftars  in  the  field,  not  very 

5 2i  7 

92  52 

i9.» 

10 

exadlly  gaged. 

5 24  12 

66  5 

36 

1 

• 

5 27  3 

68  52 

5 8 

1 

5 27  48 

1 10  40 

17.7 

IO 

* 

5 33  4 

76  10 

65 

I 

5 33  12 

66  26 

86 

I 

5 33  *7 

114  59 

!3)5 

IO 

* 

5 34  45 

70  33 

50 

I 

5 36  3° 

62  1 

20—30 

From  20  to  30  ftars  in  the  fields,  not 

5 37  4 

74  26 

140 

X 

z 

very  exactly  gaged. 

5 38  45 

70  8 

73 

1 

5 4i  12 

66  43 

60 

1 

R.A. 


CovftruBion  of  the  Heavens, 
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R.A. 

P.D. 

Stars. 

Fields. 

" 

Memorandums. 

H 

. M 

. S. 

D. 

M. 

5 

44 

0 

1 16 

43 

”»5 

10 

* 

5 

45 

3° 

83 

30 

5° 

I 

5 

47 

34 

1 12 

34 

J9’3 

10 

7f 

5 

48 

3° 

62 

1 

3° 

I 

About  30  flars  in  the  field;  not  very 

5 

48 

44 

92 

51 

22,4 

5 

exactly  gaged. 

5 

49 

0 

80 

5 

5° 

1 

5 

52 

14 

93 

14 

44 

1 

5 

,52 

3° 

83 

30 

60 

1 

5 

53 

0 

80 

5 

1 10 

1 

5 

55 

4 

92 

56 

57 

1 

5 

56 

40 

70 

27 

73 

1 

5 

57 

0 

80 

5 

60 

1 

5 

57 

37 

1 10 

33 

19,6 

10 

* 

5 

58 

51 

88 

36 

90 

1 

5 

59 

3° 

S3 

30 

80 

1 

6 

0 

23 

86 

38 

24, 1 

10 

6 

1 

0 

80 

5 

70 

1 

6 

4 

0 

80 

5 ' 

90 

1 

6 

5 

4 

67 

17 

120 

I 1 
4 [ 

Very  unequally  fcattered. 

6 

b 

H 

96 

16 

52 

1 

6 

6 

3° 

S3 

30 

80 

1 

( 

6 

6 

30 

80 

5 

70 

1 

6 

6 

38 

91 

45 

54 

1 

Like  the  reft,  or  many  fuch  fields. 

6 

6 

40 

68 

24 

56 

1 

6 

9 

0 

80 

5 

74 

1 

6' 

9 

34 

“3 

35 

26 

1 

* 

6 

1 1 

0 

62 

1 

3°— 40 

1 

Between, 

6 

1 1 

0 

80 

5 

63 

1 

The  leaf!:  number  of  ftars  in  the  field  ij 

6 

1 1 

34 

1 12 

5 

33 

1 

could  find  in  this  neighbourhood. 

6 

1 1 

37 

9° 

15 

1 

About  60  or  70  generally. 

6 

14 

4 ■ 

68 

1 1 

178 

I 

4 

6 

H 

3s ; 

90 

15 

77 

1 

6 

*7 

45 

62 

1 

5° 

1 

6 

18 

14 

96 

12 

38 

1 

Very  unequally  fcattered. 

6 

...  . . 

19 

h 

93 

59 

72 

1 

J 
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R 

„A. 

1 

P.D. 

Stars. 

Fields. 

Memorandums.- 

R. 

M. 

s. 

D. 

M. 

6 

26 

17 

114 

59 

*5>9 

10 

6 

27 

14 

94 

36 

[32 

i 

% 

6 

27 

32 

70 

23 

50 

1 

6 

y 

48 

1 ' 5 

4° 

40 

1 

6 

34 

44 

92 

25 

94 

1 

6 

34 

55 

79 

5 

50 

1 

Generally  about  30  ftars. 

6 

36 

0 

94 

56 

62 

1 

Twilight. 

6 

37 

15 

75 

5 

70 

1 

Generally  about  70  ftars. 

6 

39 

8 

99 

7 

5° 

1 

% 

6 

40 

0 

116 

43 

3I>3 

10. 

6 

43 

25 

79 

5 

67 

1 

6 

44 

28 

ICO 

3° 

67 

1 

* 

6 

49 

5 

87 

21 

120 

X 

Z 

6 

49 

3° 

77 

31 

5° 

1 

Many  fields  like  this. 

6 

49 

44 

92 

33 

120 

1 

2 

6 

.5i 

8 

98 

33 

78 

1 

*■ 

6 

52 

0 

116 

21 

48 

1 

6 

5 2 

25 

79 

5 

60 

1 

About  60  ftars.. 

6 

52 

44 

92 

59 

98 

j„ 

6 

54 

9 

1 1 1 

1 1 

45' 

1 

7f 

6 

57 

8 

1 00 

1 

34 

1 

6 

57 

38 

98 

5° 

83 

1 

* 

6 

5$ 

39 

U2 

48 

8 1 

1 

* 

7 

0 

25 

79 

5 

70 

1 

7 

4 

0 

92 

0 

0 

102 

1 

1 

% 

7 

4 

00 

CO 

00 

59 

70 

1 

* 

7 

5 

9 

1 1 1 

1 1 

70 

1 

* 

7 

8 

Q 

1 1.2 

J5 

62 

1 

* 

7 

12 

8 

IOO 

5- 

11S 

1 

2 

* 

7 

15 

38 

98 

12 

1 12 

1 

2 

7 

19 

0 

91 

51 

58 

1 

* 

7 

20 

0 

/8 

59 

48 

1 

7 

25 

9 

1 1 1 

21 

l68 

I 

4 

•ft  One  of  the  richeft  fields. 

7 

28 

9 

1 12 

34 

2O4 

j 

4- 

■ft  .A  field  like  the  reft. 

7 

00 

0 

O 

J*5 

28 

86 

1 

-V 
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R.A, 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

7 4i  9 

1 13  26 

108 

1 

2 

* 

7 53  4 

86  39 

28,3 

10 

X 

814 

hi  15 

80 

1 

* 

8 3 4 

113  31 

66 

1 

8 6 38 

100  5 

40 

1 

8 7 38 

99  3 

45 

1 

* 

S 11  8 

99  2 5 

24-,  2 

IO 

X 

8 i2  34 

1 12  15 

52 

I 

* 

8224 

111  3° 

35 

I 

X 

8 32  4 

1 12  .1 

33 

I 

8 32  24 

112  7 

30 

I 

8 35  4 

112  17 

24 

I 

8 35  H 

in  19 

20 

I 

8 40  4 

hi  11 

22 

I 

* 

8 -45  4 

1 13  22 

13 

I 

8 46  39 

91  26 

2°,3 

IO 

* 

8 48  4 

112  23 

16,2 

IO 

8 57  2 5 

66  20 

8»3 

IO 

x 

9 5 38 

91  22 

i3>8 

10 

■x 

9 10  4 

H5  17 

14,0 

IO 

9 20  4 

112  23 

15^8 

IO 

9 20  40 

99  12 

IT, I 

IO 

9 20  58 

88  7 

n>5 

IO 

X 

9 35  4 

112  23 

13, ° 

10 

9 3-8  4 

115  *7 

10,1 

10 

9 38  8 

9°  23 

7>9 

10 

X 

9 42  16 

86  16 

7*7 

IO 

X 

9 45  49 

112  21 

i3’2 

IO 

Strong  twilight. 

1004 

ii5  17 

9’1 

IO 

1016  8 

88  8 

7’2 

10 

* 

10  19  32 

91  14 

6>5 

IO 

io  25  8 

88  8 

4,9 

IO 

X 

10  26  0 

81  41 

5,6 

7 

X 

11  44 

81  3S 

5,3 

6 

X 

,7  36 

91  14 

5,6 

IO 

G g a 


Mr.  Her  sc  h el  on  the 


22& 


R.A. 

P.D 

• 

.Stars. 

Fields. 

Memorandums. 

H. 

M. 

S. 

D. 

M. 

1 1 

10 

6 

n5 

23 

(S  c 

IO 

Twilight. 

1 1 

16 

52 

81 

38 

3D 

8 

* 

1 L 

20 

37 

91 

17 

4,9 

10 

\ 

I I 

53 

43 

81 

39 

6,0 

5 . 

i 2 

5 

6 

1 

30 

iS* 

57 

2,2 

*3 

* 

I 2 

30 

40 

79 

3 

3>4 

1 1 

* 

12 

46 

51 

81 

40 

4,6 

*3 

12 

48 

19 

79 

4 

3’9 

l3 

* 

12 

53 

45 

101 

45 

9’3 

10 

Twilight. 

1 2 

57 

8 

99 

50 

8,1 

10 

Pretty  ftrong  day-light. 

*3 

1 

*9 

79 

4 

3>8 

12 

* 

! 3 

1 7 

27 

101 

45 

8,6 

10 

Twilight. 

i3 

22 

49 

ICO 

1 

8,4 

10 

Some  day-light. 

*3 

27 

57 

IOI 

45 

ii,3 

10 

13 

31 

JO 

75 

55 

5-6 

1 

jf  Generally  about  £or  6 liars  in  the  field. 

13 

3S 

53 

104 

27 

8,5 

10 

13 

48 

49 

100 

1 

9/2 

10 

Strong  twilight. 

i 13 

51 

27 

IOI 

45 

10,0 

10 

1 x3 

55 

44 

58 

1 1 

7,4 

10 

-jf  Twilight. 

s 13 

57 

53 

104 

27 

12,3 

10 

: Moll  very  fmall. 

i 14 

9 

49 

100 

1 

11,2 

10 

i , 

Twilight. 

i ]4 

13 

52 

”3 

4 

9’7 

10 

1 H 

H 

57 

IOI 

45 

8,8 

10 

14 

24 

49 

81 

53 

2,7 

6 

14 

29 

45 

100 

5 

J3’3 

10 

14 

3° 

7 

66 

3 

8,8 

10 

Jf  Ail  fizes. 

14 

3° 

8 

80 

38 

3 >5 

*3 

H 

33 

22 

58 

7 

8,9 

10 

■%.  Chiefly  fmall. 

14 

33 

52 

1 ‘3 

4 

10,3 

10 

H 

39 

57 

10 1 

45 

14,0 

10 

All  fizes. 

14 

40 

36 

64 

47 

6,4 

10 

H 

44 

1 1 

114 

54 

io,3 

10 

14 

49 

52 

I]3 

4 

12,8 

10 

r4 

5i 

14 

58 

10 

9,2 

10 

■%.  Twilight. 

! x4 

52 

58 

60 

4i 

4,4 

10 

Strong  Aurora'borealis. 

R.A. 
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R.A 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  IV! 

. S. 

D 

. M. 

/ 

14 

S3 

7 

66 

15 

9,0 

IO 

Chiefly  large. 

H 

ss 

36 

64 

47 

6,6 

IO 

Moll  very  fmall. 

4 

H 

59 

1 1 

1 14 

54 

8,8 

IO 

15 

2 

42 

62 

48 

8,3 

IO 

T5 

i 

7 

66 

IS 

9,5 

JO 

iS 

4 

36 

64 

47 

5,0 

10 

15 

8 

37 

1 13 

0 

14,1 

JO 

r5 

8j 

45 

93 

5 

9,4 

T 2 

Very  fmall. 

IS 

13 

42 

62 

48 

8,9 

IO 

Twilight. 

15 

iS 

44 

58 

17 

10,0 

IO 

15 

19 

48 

60 

40 

4,9 

IO 

•%.  Strong  Aurora  borealis,  fo  as  toaffedi 

15 

20 

0 

75 

52 

9,5 

4 

the  gages. 

15 

21, 

Q 

93 

5 

io,9' 

12 

15 

26 

7 

81 

53 

1 1,0 

5 

*5 

28 

48 

99 

51 

I3D 

10 

15 

29 

7 

66 

15 

10,6 

10 

All  fees. 

15 

29 

44 

58 

17 

8,9 

10 

Twilight. 

IS 

32 

o- 

75 

51 

6 

6 

15 

33 

52 

1 1 1 

S2 

12,8 

10 

15 

35 

0 

75 

5i 

6,5 

6 

15 

42 

2 

58 

I A 

13,1 

10 

-%■  Twilight. 

15 

42 

3 

1 16 

56 

18,6 

JO 

J5 

42 

S3 

1 J3 

47 

32,5 

O 

The  liars  too  fmall  for 

the  gage. 

15 

46 

3o 

93 

5 

10,8 

12 

l5 

48 

37 

H3 

0 

17,1 

10 

• 

iS 

48 

46 

63 

4 

12,4 

10 

1 5 

49 

Co 

1 1 1 

S2 

i8,r 

10 

The  Situation  fo 

low 

that  it  requires 

iS 

So 

20 

1 14 

55 

9,2 

10 

attention  to  fee  the  liars. 

15 

57 

3 

1 16 

5 6 

7,2 

10 

16 

0 

2 

58 

14 

12,2 

10 

Twilight. 

l 

16 

0 

O 

0 

1 16 

56 

6,i 

10 

16 

0 

12 

1 14 

57 

1,6  1 

10 

16 

3 

12 

n-4 

57 

2,0 

10 

16 

4 

O 

75 

43 

13 

6 

All  fees. 

16 

4 

19 

113 

6 

’5 

10 

Perfectly  clear. 

See  p 

• 256. 

R.A* 
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2jo  Mr.  Herschel  on  the 


R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

1 6 4 46 

D.  M. 
63  4 

12,0 

IO 

Moft  frnal!. 

16  4 52 

99  57 

14,6 

IO 

Moon  and  twilight. 

16  628 

1 1 3 4 

>7 

IO 

Perfectly  clear. 

16  712 

66  15 

13-3 

IO 

16  8 6 

1 PS  1 

3>8 

6 

16  8 1 1 

93  9 

12,2 

12 

16  8 16 

1 16  48 

n,6 

IO 

16  928 

”3  4 

1, 1 , 

IO 

Perfectly  clear.  See  p.  256. 

16  u 28 

1 1.3  4 

i>4 

IO 

The  fame. 

16  13  28 

1 13  4 

1,8 

IO 

g Serpen tarii  and  19  Seorpii  vifible  to 

16  13  52 

58  24 

14,2 

IO 

Moft  fmall.  [the  naked  eye. 

16  14  42 

b3  7 

1 5>  1 

IO 

Moft  very  fmall. 

16  15  37 

80  40 

9.7 

12 

All  ftzes. 

16  17  28 

ll3  4 

4,7 

IO 

t6  20  51 

81  57 

13,8 

6 

16  23  0 

73  43 

24 

1 

16  23  28 

“3  4 

13,6 

10 

16  24  11 

93  9 

i3>6 

12 

Require  attention  to  be  feen. 

16  25  7 

80  40 

14,6 

13 

16  27  32 

68  23 

2 1,6 

IO 

Twilight. 

16  29  16 

1 16  48 

50,4 

IO 

16  30  37 

80  40 

' 34 

I 

16  31  12 

66  15 

18,4 

.10 

Strong  twilight. 

16  32  28 

11 3 4 

20,3 

•io 

Moft  extremely  fmall. 

16  32  52 

58  24 

15,6 

IO 

7f  Moft  fmall. 

16  35  42 

63  7 

i6,5 

IO 

* 

16  35  48 

93  i5 

18,6 

12 

All  ftzes. 

16  38  12 

66  15 

20,1 

IO 

Strong  twilight. 

16  38  45 

i°7  57 

1 9’9 

IO 

Strong  twilight.. 

16  40  5 1 

1 13  i4 

41,1 

8 

16  4s  32 

68  23 

19, ° 

4 

Hazy. 

16  51  45 

i°7  57 

29,8 

10 

16  52  22 

66  26 

16,6 

IO 

Day-light  pretty  ftrong. 

16  55  42 

63  7 

26,6 

IO 

-Jf  Strong  twilight. 

17  1 34 

58  11 

18,8 

10 

Strong  day  light. 

R.A. 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

17  3 22 

66  26 

35 

( I 

jf  Day-light  too  flrortg  for  gaging. 

17  6 

98  38 

i3,7 

IO 

Molt  final  1,  and  mare  luipected.  , 

17  9.3° 

1. 1 6 55 

7,6 

IO 

17  9 32 

68  23 

32>3 

10 

1 7 11  10 

66  26 

3 8 

1 

if-  Day-light  pretty  flrong. 

17  13  24 

63  21 

32’8 

10 

if  Strong  day-light. 

17  17  36 

hi  47 

15^3 

10 

Moou  and  day-ligh.tr*  , 

17  25;  7 

108  5 

23 

10 

17  27  29. 

1 16  48 

25 

I 

• 17  28  32 

68  23 

42s? 

5 

if  Twilight. 

17  30  29 

1 16  48., 

42 

1 

17  33  29 

1 1 6 48 

5 2 

1 

Day-light  very  Prong* 

! 17  34  36 

98  38 

18,5 

10 

Very  Prong  twilight. 

i7  39  34 

1 20  0 

84 

1 

Molt  large. 

17  40.41 

H4  52 

77 

1 

Day-light  very  Prong. 

17  41  29 

1 16  48 

82 

1 

Day- light  very  Prong.  . 

*7  43  45 

I05  3 

80 

1 

Flying  clouds. 

17  48  0 

61  18 

25,6 

5 

MoP  large. 

0 

17  50  4 

56  16 

27,2 

io 

Twilight. 

*7  5°  7 

108  5 

59 

1 

Like  the  reP  in  this  part  of  the  heaven. 

17  52  7 

i°8  5 

1 18 

V 1 

Many  fuch  fields  juP  by. 

17  52  17 

98  43 

7^6 

10 

17  52  30 

62  12 

40 

1 

Moft  large. 

17  52  32 

68  19 

54 

1 

if  Strong  day-light. 

*7  55  7 

108  5 

232 

T 

2 

i7  55  15 

106  6 

1 12 

1 

Many  fuch  fields. 

17  55  38 

112  54 

1 12 

1 

2 

17  57  30 

60  28 

38 

1 

MoP  large. 

*7  58  37 

i°3  24 

35 

1 

17  58  41 

118  57 

64 

1 

17  58  49 

122  17 

17 

1 

17  59  1 

108  8 

320 

1 

2 

*7  59  19 

104  24 

68 

1 

18  0 13 

122  11 

27 

1 

18.  3 49 

120  42 

19 

1 

Mr.  Herschel  on  the 
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R.A. 

P.D 

« 

Stars. 

Fields. 

Memorandums. 

H. 

M 

s 

D. 

M. 

iS 

5 

17 

08 

47 

65 

1 

Too  10011  for  gaging,  not  having  been 

18 

6 

37 

90 

36 

9,4 

10 

1 8 

7 

4 

62 

I A. 

40 

I 

Moil  large.  j long  enough  out 

1 8 

7 

4 

56 

ib 

38>2 

5 

1 in  the  dark. 

1 8 

7 

37 

io3 

25 

88,o 

3 

18 

IO 

7 

120 

5S 

20 

1 

18 

IO 

52 

6l 

8 

78 

1 

Chiefly  large. 

18 

ii 

49 

IO4 

6 

170 

1 

2 

1 8 

*3 

37 

IO4 

16 

238 

i 

z 

18 

*3 

52 

93 

1 1 

2,0 

7 

1 8 

H 

46 

5^ 

20 

48 

1 

18 

15 

28 

92 

42 

3>4 

7 

18 

16 

52 

92 

42 

8,9 

7 

18 

18 

40 

92 

42 

l3 

7 

18 

J9 

37 

102 

34 

9.5 

2 

18 

20 

7 

103 

18 

19 

1 

18 

20 

46 

92 

42 

2 5. 8 

6 

x8 

21 

1 

103 

55 

22 

1 

1 8 

21 

12 

90 

41 

8,6 

10 

18 

21 

31 

103 

36 

24 

1 

1 8 

22 

4 

62 

7 

48 

1 

Large  and  final  1, 

18 

22 

4 

56 

16 

39,6 

5 

18 

22 

19 

1 04 

6 

14 

1 

18 

22 

37 

103 

45 

30 

1 

18 

24 

3 

Ji<5 

10 

35 

1 

18 

24 

4 

109 

35 

35 

1 

Twilight. 

18 

24 

7 

102 

31 

3° 

1 

18 

24 

10 

92 

59 

88 

1 

18 

24 

43 

103 

39 

25 

1 

1 8 

25 

37 

102 

34 

39 

1 

1 8 

26 

17 

98 

3 

1 1 1 

1 

18 

26 

25 

103 

57 

60 

1 

1 8 

26 

47 

97 

43 

250 

T 

JL 

1 8 

27 

1 

1 20 

58 

3° 

I 

18 

27 

55 

120 

44- 

32 

I 

■ ' ' 

R.A. 


Conjlrudfion  of  the  Heavens.  233 


R.A. 

P.D. 

Stars. 

Fields. 

Memorandums, 

H.  M.  S, 

D.  M* 

18  28  7 

102  51 

*3 

1 

Extremely  final!. 

18  28  8 

91  44 

39 

I 

Moll  fmall. 

18  28  25 

103  9 

20 

1 

Extremely  fmall. 

18  28  37 

122  25 

12 

I 

18  29  25 

103  24 

20 

I 

Extremely  fmall. 

18  29  47 

97  5° 

l$°, 

1 

18  29  49 

121  39 

24 

X 

\ 

18  30  34 

57  18 

62 

1 

i 

18  31  10 

92  42 

i3j7 

7 

18  31  10 

108  53 

74 

1 

Twilight. 

*8  31  13 

103  19 

112 

1 

All  fizes. 

18  31  17 

97  53 

188 

1 

2 

Many  more  fufpefted. 

18  31  34 

62  34 

76 

1 

-X-  Large  and  fmall. 

18  31  49 

12 1 39 

*9*3 

10 

18  33  4 

108  43 

88 

1 

Twilight. 

18  33  7 

103  53 

146 

1 

2 

18  34  5 

98  34 

1 3° 

1 

18  34  47 

7 1 53 

78 

1 

* 

18  34  58 

60  41 

80 

1 

Large  and  fmall. 

18  36  34 

no  12 

83 

1 

Twilight. 

18  36  34 

91  37 

176 

1 

4 

i8  36  47 

72  28 

224 

1 

2 

* 

18  37  34 

93  29 

5 

1 

18  38  1 

104  14 

u8 

r 

2 

18  39  40 

93  52 

ii6 

T 

4 

18  40  28 

92  47 

10 

1 

18  40  47 

71  48 

236 

I 

4 

* 

18  41  22 

91  37 

156 

I 

4 

18  42  49 

121  39 

15.2 

10 

Very  clear  for  this  altitude. 

18  43  17 

72  8 

368 

1 

4 

* 

i8  43  33 

1 19  21 

21 

1 

k 

! 18  44  34 

ii2  43 

53 

1 

18  44  34 

60  34 

84 

1 

All  fizes. 

1 8 47  32 

91  i4 

328 

I 

4 

f 18  48  4 

1 10  12 

83 

Vcl.  LXXV.  H h R.A. 
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R.A. 

P.D.  ' 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

18  50  16 

60  55 

136 

1 

2 

Many  of  them  fmall. 

18  51  4 

57  2b 

84 

1 

18  51  32 

108  26 

36>8 

5 

Strong  twilight. 

18  52  49 

1 T5  3° 

26,2 

5 

18  54  4 

57  18 

93 

1 

18  54  8 

91  H 

528 

•t 

4 

18  54  55 

io4  23 

180 

1 

2 

18  55  4 

108  41 

80 

1 

18  55  16 

62  31 

206 

1 

2 

18  59  8 

91  14 

0 9 8 

I 

4 

18  59  26 

72  37 

40 

1 

Too  foon  for  gaging. 

19  1 2 

71  4° 

75 

1 

19  1 34 

56  47 

127 

1 

Moonlight. 

19  2 29 

74  53 

204 

I 

4 

Twilight.  ' 

19  2 37 

103  16 

160 

1 

2 

19  2 49 

121  39 

HD 

10 

19  3 34 

55  56 

14b 

1 

2 

D 

-19  6 34 

61  8 

196 

x 

2 

And  many  fmall  befides. 

19  7 34 

5^  56 

130 

1 

2 

D 

19  7 52 

57  59 

1 16 

r 

2, 

19  8 38 

92  8 

120 

1 

2 

! i9  9 37 

109  1 

60 

1 

! 19  9 40 

56  51 

130 

1 

5 

] 19  I2  59 

75  21 

58 

1 

* 

. 19  13  5° 

59  59 

256 

1 

4 

19  *3  52 

59  29 

158 

1 

2 

19  14  2 

72  15 

60 

1 

* 

19  14  4 

61  21 

279 

x 

3 

Too  crowded  for  accuracy. 

19  i4  55 

i°3  36 

64 

1 

Changeable  focus. 

19  15  40 

55  26 

160 

1 

S bright. 

; i9  16  50 

60  43 

296 

1 

4 

i9  16  59 

73  23 

56 

1 

* 

■ 19  J7  44 

108  12 

50 

1 

19  18  23 

78  9 

196 

I 

4 

* 

19  18  28 

61  21 

279 

I 

3 

R,  A.® 


I 

t 
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R.A 

P.D. 

Stars. 

Fields. 

Memorandums. 

H 

. M 

. S. 

D 

. M. 

19 

19 

S2 

57 

14 

180 

T. 

2 

19 

19 

56 

108 

£2 

55 

I 

19 

20 

5i 

60 

55 

384 

4 

19 

21 

1 

78 

47 

47  2 

I 

4 

19 

21 

34  : 

55 

17 

208 

r 

2 

D bright. 

19 

22 

27 

62 

29 

32° 

X 

4 

19 

24 

36 

56 

49 

224 

I 

4 

x9 

24 

49 

104 

24 

3^ 

1 

Changeable  focus.  1 

19 

24 

5° 

60 

43 

296 

I 

4 

19 

24 

53 

113 

5X 

x8>3 

10 

19 

25 

4 

57 

9 

190 

1 

2 

D bright. 

! x9 

25 

16 

64 

18 

280 

I 

4 

I 

19 

2S 

22 

59 

36 

340 

I 

| 4 

x9 

25 

37 

103 

50  ! 

55 

1 

Changeable  focus. 

r9 

27 

36 

72 

34 

424 

I 

4 

■%.  Too  fmall  and  too  crowded  to  be  cer- 

x9 

27 

44 

61 

8 

240 

I 

3 

[tain  of  the  number. 

19 

2§ 

1 

£03 

30 

45 

1 

Changeable  focus. 

! i9 

28 

6 

56 

49 

288 

I 

4 

! J9 

28 

52 

59 

26 

344 

I 

4 

x9 

28 

52 

56 

47 

186 

2: 

2 

5 very  bright. 

19 

29 

46 

65 

10 

34 

i 

x9 

30 

3^ 

74 

33 

588 

I 

4 

* 

19 

3° 

36 

54 

53 

312 

I 

4 

19 

3X 

33 

92 

34 

62,2 

5 

*9 

32 

9 

109 

44 

23>8 

10 

19 

32 

i5 

62 

35 

296 

X 

4 

19 

33 

4 

55 

34 

212 

1 

2 

D 

19 

33 

7 

103 

12 

50 

1 

Changeable  focus. 

*9 

33 

14 

61 

8 

24O 

1 

3 

19 

33 

20 

58 

59 

232 

I 

4 

x9 

34 

51 

”5 

44 

14,1 

10 

19 

35 

34 

63 

19 

256 

I 

4 

x9 

3^ 

6 

54 

57 

384 

I 

4 

x9 

36 

37 

102 

31 

68 

1 

Changeable  focus. 

19 

36 

5o 

60 

35 

296 

I 

4 

Hh  2’ 


RtA» 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

19  4°  33 

63  0 

296 

I 

4 

19  40  46 

59  12 

192 

t 

4 

19  40  48 

74  33 

588 

I 

4 

* 

19  42  33 

73  H 

352 

4 

19  43  3° 

57  23 

130 

1 

2 

D 

19  43  56 

64  27 

1 24 

I 

2, 

Moil  large. 

19  45  36 

77  53 

140 

1 

2 

Faint  D . 

19  45  37 

>03  3 

5° 

1 

19  46  21 

73  H 

252 

I 

4 

* 

19  46  51 

US..  44 

12,8 

10 

Strong  twilight. 

19  47  8 

60  35 

3 12 

I 

4 

19  47  18 

109  46 

20,9 

10 

19  47  22 

57  38 

312 

I 

4 

Very  unequally  fcattered. 

19  49  6 

57  J3 

268 

I 

4 

19  49  48 

56  s1 

120 

1 

2 

D 

19  50  5 

92  39 

39,2 

5 

■%.  Moll  fmall. 

19  51  37 

62  37 

5i 

1 

19  52  0 

57  *5 

220 

1 

2 

D 

*9  53  1 

60  36 

80 

1 

19  53  28 

63  40 

52 

1 

2 

19  53  40 

54  59 

3°  6 

I 

4 

19  53  49 

121  39 

7,7 

10 

19  54  0 

55  12 

160 

r 

2 

D 

19  54  12 

73  3 

120 

1 

2 

Faint  $ . 

19  54  22 

59  53 

1 36 

1 

4 

19  55  7 

62  41 

48 

1 

19  56  19 

60  44 

1 12 

X 

2 

19  56  22 

57  *7 

192 

1 

4 

19  57  *9 

62  34 

45 

1 

19  57  40 

58  29 

104 

1 

2 

19  59  49 

62  37 

41 

1 

■ 

20  021 

79  3 

56 

1 

Strong  D . 

20  0 24 

55  J2 

184 

1 

2 

]) 

20  0 25 

60  33 

80 

1 

Moil  of  the  liars  extremely  fmall. 

20  051 

11  5 44 

12,2 

10 

Twilight. 

R..A* 
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R.A, 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M, 

20  i 39 

79  34 

68 

I 

Strong  J . 

20  5 26 

56  34 

46 

I 

5 

20  5 27 

72  56 

280 

J 

4 

20  6 2j 

107  27 

22,6 

10 

20  6 43 

62  32 

75 

1 

Many  {mall. 

- 

20  8 26 

56  27 

4.7 14 

5 

It 

20  8 27 

72  36 

280 

I 

4 

20  8 58 

I03  37 

38 

1 

20  9 6 

109  40 

24,2 

5 

20  9 52 

102  48 

3i 

1 

20  12  22 

58  14 

76 

1 

2 

20  17  20 

76  12 

1 84 

I 

4 

Some  twilight. 

20  18  51 

1 J5  44 

10,6 

10 

Twilight. 

20  20  58 

61  27 

88 

1 

20  21  36 

71  28 

104 

1 

2 

Hazy. 

20  22  56 

56  27 

66 

1 

5 

20  22  58 

103  26 

20 

1 

20  24  51 

1 15  44 

9>3 

10 

Twilight. 

20  25  58 

103  26 

22,8 

10 

Changeable  focus. 

20  25  59 

67  2 7 

248 

1 

4 

20  26  1 

92  44 

30,8 

5 

4 

20  26  46 

109  37 

16,7 

10 

Not  clear. 

20  26  49 

12 1 39 

hi 

10 

A little  hazy. 

20  27  33 

96  7 

39 

i 

Moil  fmall. 

2°  34  51 

”5  44 

9>5 

10 

D 

20  35  53 

61  20 

142 

1 

2 

20  37  18 

58  28 

108 

1 

2 

20  37  34 

97  6 

26,6 

10 

* 

20  38  I 

92  44 

28,2 

5 

20  39  42 

66  37 

78 

1 

2 

20  40  22 

56  21 

192 

I 

4 

20  41  I 1 

67  54 

108 

1 

2 

20  41  56 

74  33 

1 1 6 

1 

2 

: 20  42  59 

62  14 

1 12 

1 

2 

. 20  43  1 

70  29 

76 

1 

'23s 
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R.A. 

P.E 

1. 

Stars. 

Fields. 

Memorandums. 

H 

. M. 

S. 

D. 

M. 

20 

43 

3° 

54 

47 

260 

1 

4 

Moll  of  the  ftars  of  the  fame  fize. 

20 

44 

59 

70 

6 

80 

I 

20 

47 

l3 

60 

46 

120 

1 

z 

20 

49 

1 

92 

44 

27,0 

5 

* 

20 

49 

10 

57 

1 1 

248 

I 

4 

Moll  of  a fize. 

20 

50 

59 

I03 

26 

17,2 

3 

20 

5i 

23 

68 

3° 

70 

1 

20 

5o 

29 

103 

26 

T7v4 

5 

20 

54 

1 

107 

47 

I0>3 

10 

20 

56 

59 

103 

26 

i4»9 

10 

Mod:  extremely  fmall.  J 

20 

57 

55 

61 

25 

64 

1 

Twilight.  J 

20 

59 

1 

92 

44 

21,4 

5 

* 

21 

1 

6 

96 

43 

40 

1 

Moil  fmalh 

21 

0 

29 

66 

39 

80 

1 

2 

21 

3 

53 

73 

9 

55 

1 

21 

6 

r3 

69 

23 

40 

1 

A little  hazy. 

21 

6 

55 

103 

32 

11,1 

10 

21 

7 

49 

109 

45 

12,8 

10 

21 

7 

59 

64  58 

1 10 

r 

2 

21 

9 

25 

61 

36 

75 

1 

Strong  twilight. 

21 

10 

13 

60 

39 

70 

1 

Strong  twilight. 

21 

1 1 

i7 

73 

18 

5° 

1 

21 

1 1 

42 

96 

13 

25 

1 

* 

21 

12 

1 

92 

44 

16,4 

5 

21 

1S 

3 

109 

56 

i5>3 

10 

21 

16 

43 

59 

7 

76 

1 

2 

21 

18 

54 

57 

20 

5° 

1 

21 

20 

18 

96 

43 

24 

1 

* 

21 

21 

0 

107 

49 

8,1 

10 

21 

22 

H 

76 

33 

30,0 

5 

21 

25 

31 

92 

44 

8,0 

5 

21 

29 

12 

83 

1 1 

21,6 

5 

21 

30 

58 

78 

57 

18,9 

xo 

21 

32 

10 

57 

14 

25 

1 

21 

33 

1 

92 

44 

15^4 

5 

Strong  twilight. 

R.A. 
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R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H,  M.  S. 

D.  M. 

21  34  55 

97  *7 

*3>6 

10 

21  36  38 

65  55 

42 

1 

21  38  20 

65  38 

60 

I 

21  39  55 

96  17 

18 

I 

21  41  52 

58  42 

44 

I 

21  43  22 

109  55 

1 2 ,5 

IO 

*• 

21  45  4 

59  39 

52 

I 

21  48  22 

59  30 

29 

I 

21  51  52 

58  56 

6 1 

r 

21  51  55 

97  17 

ii,5 

10 

* 

21  54  22 

109  55 

12,8 

10 

21  .57  49 

59  37 

60 

1 

2 

21  58  4 

75  7 

33 

1 

21  58  19 

59  6 

40 

1 

2 

21  58  43 

5 8 34 

32,6 

5 

5 

21  58  49 

58  20 

34 

1 

22  2 25 

60  9 

42,6 

5 

22  2 52 

109  55 

1A 

10 

22  3 56 

71  48 

25D 

10 

22  7 22 

109  55 

8,9 

10 

22  10  28 

75  2 

26 

1 

2:2  II  32 

97  I4 

10,7 

10 

X Twilight. 

22  11  35 

65  48 

26,6 

5 

22  l8  32 

97  H 

9D 

10 

Twilight. 

22  2Q  35 

109  58 

8’3 

10 

X 

22  20  55 

78  54 

11,7 

10 

Bright  5.  . 

22  27  41 

95  4 

8,1 

10 

22  3°  35 

109  58 

5^° 

10 

x 

22  31  28 

73  59 

z7’3 

10 

22  33  6 

76  52 

16,5 

10 

22  34  40 

61  56 

20,1 

10 

22  35  35 

109  58 

7 

10 

■x- 

22  36  49 

7i  57 

1 8,5 

10 

22  39  41 

82  5 

19 

1 

22  40  5 

65  48 

21,3 

10 

24-0 


Mr.  Herschel  on  the 


R.A. 

P.D. 

Stars. 

Fields. 

Memorandums. 

H.  M.  S. 

D.  M. 

22  43  55 

60  9 

26,7 

IO 

Faint  5 

22  45  3 

Bo  47 

I3,2 

IO 

22  45  30 

58  38 

17,2 

IO 

S 

22  48  49 

7i  57 

J3’4 

10 

22  52  9 

7 8 43 

8,2 

10 

5 

22  52  41 

95  4 

8,9 

IO 

22  55  40 

7 1 54 

11,6 

IO 

22  56  55 

67  53 

12,1 

IO 

22  58  19 

78  42 

9,2 

10 

T> 

23  0 27 

n3  12 

4,4 

10 

23  0 30 

5 8 38 

18,7 

IO 

> 

23  2 59 

65  50 

21,3 

IO 

23  5 35 

109  58 

7>3 

IO 

D 

23  8 P 

95  1 

7,5 

10 

Mod;  extremely  fmall. 

23  10  4 

64  55 

26 

I 

23  11  40 

61  48 

21,1 

IO 

23  12  40 

71  54 

11,9 

IO 

23  17  50 

81  0 

9.7 

IO 

23  23  58 

69  48 

1 2, 1 

IO 

23  25  32 

1 13  12 

3D 

10 

*• 

23  32  2 

69  51 

9.5 

10 

23  33  20 

79  45 

10 

I 

23  43  2 

69  51 

io,9 

IO 

23  44  47 

45  24 

5° 

'I 

23  46  52 

n3  17 

4,2 

IO 

* 

1 23  46  55 

65  36 

J5,3 

IO 

23  59  21 

87  10 

5, 6 

10 

1 23  59  56 

95  4 

7,8 

IO 

PRO- 
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PROBLEM. 

The  fars  being  fuppofed  to  be  nearly  equally  feat  teredo  and  their 
number , in  a field  of  view  of  a known  angular  diameter , being 
given,  to  determine  the  length  of  the  vifual  ray. 

Here,  the  arrangement  of  the  ftars  not  being  fixed  upon,  we 
mffl:  endeavour  to  find  which  way  they  may  be  placed  fo  as  to 
fill  a given  fpace  moil  equally.  Suppofe  a rectangular  cone 
cut  into  fruftula  by  many  equidiftant  planes  perpendicular  to 
the  axis ; then,  if  one  ftar  be  placed  at  the  vertex,  and  another 
in  the  axis  at  the  firft  interfedtion,  fix  ftars  may  be  fet  around  it 
fo  as  to  be  equally  diftant  from  one  another  and  from  the  cen- 
tral ftar.  Thefe  pofitions  being  carried  on  in  the  fame  manner, 
we  fhall  have  every  ftar  within  the  cone  furrounded  by  eight? 
others,  at  an  equal  diftance  from  that  ftar  taken  as  a center. 
Fig.  1.  (tab.  VIII.)  contains  four  fe&ions  of  fuch  a cone  diftin- 
guifhed  by  alternate  fhades,  which  will  be  fufficient  to  explain 
what  fort  of  arrangement  I would  point  out. 

The  feries  of  the  number  of  ftars  contained  in  the  fe- 
ver al  fedtions  will  be  1.7.19.37.61.91.  &c.  which 
continued  to  n terms,  the  fum  of  it,  by  the  differential  method, 

will  be  n ay  n . - — - d'  yn  . - — - • - — - d//,  &c.  ; where  a is 

the  firft  term  d/ , d" , d"\  &c.  the  1 ft,  2d,  and  3d  differences. 
Then,  fince  a—i , d'  — 6,  d"—(o,  d"'  = 0,  the  fum  of  the 
feries  will  be  n\  Let  S be  the  given  number  of  ftars;  1,  the 
diameter  of  the  bafe  of  the  field  of  view ; and  B,  the 
diameter  of  the  bafe  of  the  great  redtangular  cone ; and,  by 

'•trigonometry,  we  fhall  have  B = Ta^d'i « Now,  fince  the 
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field  of  view  of  a telefcope  is  a cone,  we  (hall  have  its  fo- 
lidity to  that  of  the  great  cone  of  flats,  formed  by  the  above 
conflruftion  as  the  fquare  of  the  diameter  of  the  bafe  of  the 
held  of  view,  to  the  fquare  of  the  diameter  of  the  bafe  of  the 
great  cone,  the  height  of  both  being  the  fame  ; and  the  flats  in 
each  cone  being  in  the  ratio  of  the  folidity,  as  being  equally  feat- 

tered  (F),  we  have  n — v^B'S.  And  the  length  of  the  vifual 
ray  = n ~ i,  which  was  to  be  determined. 

(£)  We  ought  to  remark,  that  the  periphery  and  bafe  of  the  cone  of  the  field 
of  view,  in  gaging.,  would  in  all  probability  feldom  fall  exadtly  on  fuch  ftars  as 
would  produce  a perfect  equality  of  fituation  between  the  ftars  contained  in  the 
fmall  and  the  great  cone;  and  that,  confequently,  the  folution  of  this  problem, 
where  we  fuppofe  the  ftars  of  one  cone  to  be  to  thofe  of  the  other  in  the  ratio 
of  the  folidity  on  account  of  their  being  equally  fcattered,  will  not  be  ftridtly 
true.  But  it  fliould  be  remembered,  that  in  fmall  numbers,  where  the  different 
terminations  of  the  fields  would  moft  afteft  this  folution,  the  ftars  in  view  have 
always  been  afeertained  from  gages  that  were  often  repeated,  and  each  of  which 
confifted  of  no  Iefs  than  ten  fields  fuccelfively  taken,  fo  that  the  different  deviations 
at  the  periphery  and  bafe  of  the  cone  Would  certainly  compenfate  each  other 
fufficiently  for  the  purpofe  of  this  calculation.  And  that,  on  the  other  hand,  inf 
high  gages,  which  could  not  have  the  advantage  of  being  fo  ofeen  repeated,  thefe 
deviations  would  bear  a much  fmaller  proportion  to  the  great  number  of  ftars  in 
a field  of  view  ; and  therefore,  on  this  account,  fuch  gages  may  very  juftly  be 
admitted  in  a folution  where  praftical  truth  rather  than  mathematical  precifiom 
is  the  end  we  have  in  view.  It  is  moreover  not  to  be  fuppofed  that  we  imagine 
the  ftars  to  be  actually  arranged  in  this  regular  manner,  and,  returning  therefore- 
to  our  general  hypo  thefts  of  their  being  equally  fcattered,  any  one  field  of  view 
promifeuoufly  taken  may,  in  this  general  fen fe,  be  fuppofed  to  contain  a due 
proportion  of  them;  fo  that  the  principle  on  which  this  folution  is  founded  may 
therefore  be  faid  to  be  even  more  rig.orouily  true  than  we  have  occafion  to  infift 
«pon  in  an  argument  of  this  kind. 
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If  a different  arrangement  of  the  Sfars  Should  be  Selected, 
fuch  as  that  in  fig.  2.  where  one  (tar  is  at  the  vertex  of  a cone  ; 
three  in  the  circumference  of  the  fir  ft  Section,  at  an  equal  dis- 
tance from  the  vertex  and  from  each  other  fix  in  the  circum- 
ference of  the  next  fedrion,  with  one  in  the  axis  or  center ; 
and  fo  on,  always  placing  three  ftars  in  a lower  Section  in  fuch  a 
manner  as  to  form  an  equilateral  pyramid  with  one  above  them: 
then  we  Shall  have  every  Star,  which  is  Sufficiently  within 
the  cone,  Surrounded  by  twelve  others  at  an  equal  diftance  from 
the  central  ftar  and  from  each  other.  And  by  the  differential 
method,  the  Sum  of  the  two  Series  equally  continued,  into 
which  this  cone  may  be  refolved,  will  be  2n3+  1 f«a  + \n% 
where  n Stands  for  the  number  of  terms  in  each  Series.  To 
find  the  angle  which  a line  vx,  palling  from  the  vertex  v over 
the  Stars  v,  n , h , /,  &c.  to  x,  at  the  outfide  of  the  cone,  makes 
with  the  axis;  we  have,  by  conStrudtion,  vs  in  fig.  3. 
reprefenting  the  planes  of  the  firSt  and  fecond  fedtions  = 
2 x cof.300  =3  <p,  to  the  radius  p s , of  the  firSt  fedtion  — 1 . Hence 

it  will  be  s/  — 1 = vp  = f v m ; or  v m = 2 s/ q?  — 1 : and,  by 

TO  a 

trigonometry,  — T.  Where  T is  the  tangent  of  the 

required  angle  to  the  radius  R (c)  ; and  putting  t — tangent  of 

(c)  In  finding  this  angle  we  have  fuppofed  the  cone  to  be  generated  by  a 
revolving  rectangular  triangle  of  which  the  line  vx,  fig.  2.  is  the  hypotenufe ; 
but  the  ftars  in  the  fecond  feries  will  occafion  the  cone  to  be  contained  under  a 
waving  furface,  wherefore  the  above  fuppofition  of  the  generation  of  the  cone  is 
not  ftri&ly  true ; but  then  thefe  waves  are  fo  inconfiderahle,  that,  for  the  pre- 
fent  purpofe,  they  may  fafely  be  uegleCted  in  this  calculation. 

I i 2 
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T 

half  the  given  field  of  view,  it  will  be  ytrB,  the  bafe  of  the 

a/~ 

cone.  And — ~^—d,  will  be  an  expreffion  for  vp,  in  terms 

of  vs,  which  is  the  mutual  diftance  of  the  fcattered  ffars. 

Then  having  — = tf  4- f /f  4 | n,  we  may  find  n ; whence 

2 dn  - d,  the  vifual  ray,  will  be  obtained. 

The  refult  of  this  arrangement  gives  a fhorter  ray  than  that 
of  the  former ; but  fince  the  difference  is  not  fo  confiderable  as 
very  materially  to  affect  the  conclufions,  I (hall,  on  account  of 
the  greater  convenience,  make  ufe  of  the  firft. 

We  inhabit  the  planet  cf  a Jiar  belonging  to  a Compound  Nebula 

of  the  third  form, 

I fhall  now  proceed  to  fhew  that  the  ftupendous  fidereal  fyffem 
we  inhabit,  this  extenfive  ffratum  and  its  fecondary  branch, 
confiding  of  many  millions  of  ffars,  is,  in  all  probability,  a 
detached  Nebula.  In  order  to  go  upon  grounds  that  feem  to  me 
to  be  capable  of  great  certainty,  they  being  no  lefs  than  an 
adtual  furvey  of  the  boundaries  of  our  fidereal  fyffem,  which 
I have  plainly  perceived,  as  far  as  I have  yet  gone  round  it, 
every  where  terminated,  and  in  moft  places  very  narrowly  too, 
it  will  be  proper  to  fhew  the  length  of  my  founding  line,  if  I 
may  fo  call  it,  that  it  may  appear  whether  it  was  fufficiently 
.long  for  the  purpofe. 

In  the  moft  crowded  part  of  the  milky  way  I have  had  fields 
of  view  that  contained  no  lefs  than  588  ffars  ( d ),  and  thefe  were 
continued  for  many  minutes,  fo  that  in  one  quarter  of  an  hour  s 
time  there  paffed  no  lels  than  1 16000  ffars  through  the  field  of 

(d)  See  the  table  of  Gages,  p,  235. 
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view  of  my  telefcope  (e).  Now,  if  we^ compute  the  length  of 
the  vifual  ray  by  putting  8 = 588,  and  the  diameter  of  the 

field  of  view  fifteen  minutes,  we  fhall  find  n = \/B2S  = 498  • fo 
that  it  appears  the  length  of  what  1 have  called  my  founding  line, 
or  n-  1,  was  probably  not  lefs  than  497  times  the  diftance  of 
Sirius  from  the  fun.  The  fame  gage  calculated  by  the  fecond 

arrangement  of  ftars  gives  V — 1 = 1.41421  ; — -JL,,..  ~ 

2 1 

tangent  of  31°  28'  55 ">77;  = B=  280,69  5 = d = 

B2S 

,81649;  — = 23163409, 7 = «3+  | »a+  in;  where  n=  284,8 

nearly;  and  %dn-\  =464,  the  vifual  ray. 

It  may  feem  inaccurate  that  we  fhould  found  an  argument  on 
the  flars  being  equally  fcattered,  when  in  all  probability  there 
may  not  be  two  of  them  in  the  heavens,  whofe  mutual  diftance 
fhall  be  equal  to  that  of  any  other  two  given  ftars ; but  it  fhould 
be  confidered,  that  when  we  take  all  the  ftars  collectively  there 
will  be  a mean  diftance  which  may  be  aflumed  as  the  general 
one ; and  an  argument  founded  on  fuch  a fuppofition  will  have 
in  its  favour  the  greateft  probability  of  not  being  far  fhort  of 
truth.  What  will  render  the  fuppofition  of  an  equal  diftribu- 
tion  of  the  ftars,  with  regard  to  the  gages,  fill  lefs  expofed  to 
objections  is,  that  whenever  the  ftars  happened  either  to  be 
uncommonly  crowded  or  deficient  in  number,  fo  as  very  fud- 

ft)  The  breadth  of  my  fweep  was  2°  26',  to  which  mu  ft  be  added  15'  for  two 
femi-diameters  of  the  field.  Then,  putting  161  ~a,  the  number  of  fields  in 
15  minutes  of  time  ; ,7854  — 3,  the  proportion  of  a circle  to  1,  its  circumicribed 
fquare;  $ = fine  of  74°  22',  the  polar  diftance  of  the  middle  of  the fweep  reduced 
to  the  prefent  time  ; and  588  — S,  the  number  of  ftars  in  a field  of  view,  we  have 
S , 

-zz  11 607  6 ftarso 
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denly  to  pafs  over  from  one  extreme  to  the  other,  the  gages 
were  reduced  to  other  forms,  fuch  as  the  border-gage,  the 
ftiftance-gage,  &c.  which  terms,  and  the  ufe  of  fuch  gages, 

I (hall  hereafter  find  an  opportunity  of  explaining.  And  none 
of  thofe  kinds  of  gages  have  been  admitted  in  this  table,  which 
con  lifts  only  of  fuch  as  have  been  taken  in  places  where  the 
ftars  apparently  feemed  to  be,  in  general,  pretty  evenly  fcat- 
tered ; and  to  increafe  and  decreafe  in  number  by  a certain  gra- 
dual progreftion.  Nor  has  any  part  of  the  heavens  containing 
a clufter  of  ftars  been  put  in  the  gages ; and  here  I muft  ob- 
ferve,  that  the  difference  between  a crowded  place  and  a clufter 
may  ealily  be  perceived  by  the  arrangement  as  well  as  the  frze 
and  mutual  diftance  of  the  ftars : for  in  a clufter  they  are 
generally  not  only  refembling  each  other  pretty  nearly  in  fize, 
but  a certain  uniformity  of  diftance  alfo  takes  place ; they  are 
more  and  more  accumulated  towards  the  center,  and  put  on  all 
the  appearances  which  we  fhould  naturally  expeft:  from  a num- 
ber of  them  collected  into  a group  at  a certain  diftance  from 
us.  On  the  other  hand,  the  rich  parts  of  the  milky  way,  as 
well  as  thofe  in  the  diftant  broad  part  of  the  ftratum,  confift 
of  a mixture  of  ftars  of  all  poftible  fizes,  that  are  feemingly 
placed  without  any  particular  apparent  order.  Perhaps  we  might 
recollect,  that  a greater  condenfation  towards  the  center  of  our 
fyftem  than  towards  the  borders  of  it  fhould  be  taken  into  con- 
ft deration;  but,  with  a nebula  of  the  third  form,  containing 
fuch  various  and  extenffve  combinations,  as  I have  found  to 
take  place  in  ours,  this  circumftance,  which  in  one  of  the  ffrft 
form  would  be  of  confiderable  moment,  may,  I think,  be 
fafely  negledled.  However,  I would  not  be  underftood  to  lay 
a greater  ftrefs  on  thefe  and  the  following  calculations  than  the 

principles  on  which  they  are  founded  will  permit ; and  if  here- 
after 
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after  we  (hall  find  reafon,  from  experience  and  obfervation,  to 
believe  that  there  are  parts  of  our  fyftem  where  the  ftars  are 
not  fcattered  in  the  manner  here  fuppofed,  we  ought  then  to 
make  proper  exceptions. 

But  to  return  : if  fome  other  high  gage  be  feleded  from  the 
table,  fuch  as  472  or  344,  the  length  of  the  vifual  ray  will  be 
found  461  and  415.  And  although,  in  confequence  of  what 
has  been  laid,  a certain  degree  of  doubt  may  be  left  about  the 
arrangement  and  {battering  of  the  ftars,  yet  when  I recoiled, 
that  in  thofe  parts  of  the  milky  way  where  thefe  high  gages 
were  taken,  the  ftars  were  neither  fo  fmall,  nor  fo  crowded, 
as  they  muft  have  been  on  a fuppofition  of  a much  far- 
ther continuance  of  them,  when  certainly  a milky  or  ne- 
bulous appearance  muft  have  come  on,  I need  not  fear  to  have 
over-rated  the  extent  of  my  vifual  ray.  And  indeed  every 
thing  that  can  be  faid  to  fhorteii  it  will  only  con  trad  the  limits 
of  our  nebula,  as  it  has  in  moft  places  been  of  fufficient  length 
to  go  far  beyond  the  bounds  of  it.  Thus,  in  the  fdes  of  the 
ftratum  oppofite  to  our  lituation  in  it,  where  the  gages  often 
run  below  5,  our  nebula  cannot  extend  to  100  times  the  did 
tance  of  Sirius ; and  t.ie  fame  telefcope,  which  could  {hew  588 
ftars  in  a field  of  view  of  1 5 minutes,  muft  certainly  have  pre- 
fented  me  alfo  with  the  ftars  in  thefe  fituations  as  well  as  the 
former,  had  they  been  there.  If  we  fhould  anfwer  this  by  ob- 
fiervmg  that  they  might  be  at  too  great  a diftance  to  be  per- 
ceived, it  will  be  allowing  that  there  muft  at  leaf:  be  a vacancy 
amounting  to  the  length  of  a vifual  ray  net  ftiort  of  400  times 
the  diftance  of  Sirius  ; and  this  is  amply  fufficient  to  make  our 
nebula  a detached  one.  It  is  true,  that  it  would  not  be  con- 
ftftent  confidently  to  affirm  that  we  were  on  an  ifland  unlefis 
we  had  adually  found  ourfelves  every  where  bounded  by  the 

, ocean,, 
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ocean,  and  therefore  I ftiall  go  no  farther  than  the  gages  will 
authorife ; but  confidering  the  little  depth  of  the  ftratum  in 
all  thofe  places  which  have  been  actually  gaged,  to  which  muft 
be  added  all  the  intermediate  parts  that  have  been  viewed  and 
found  to  be  much  like  the  reft,  there  is  but  little  room  toexpedl 
a connexion  between  our  nebula  and  any  of  the  neighbouring 
ones.  I ought  alfo  to  add,  that  a telefcope  with  a much  larger 
aperture  than  my  prefent  one,  grafping  together  a greater  quan- 
tity of  light,  and  thereby  enabling  us  to  fee  farther  into  fpace, 
will  be  the  fureft  means  of  compleating  and  eftablifhing  the 
arguments  that  have  been  ufed : for  if  our  nebula  is  not  abfo- 
iutely  a detached  one,  I am  firmly  perfuaded,  that  an  inftru- 
ment  may  be  made  large  enough  to  difcover  the  places  where 
the  ftars  continue  onwards.  A very  bright  milky  nebulofity 
muft  there  undoubtedly  come  011,  fince  the  ftars  in  a field  of  view 
will  increafe  in  the  ratio  of  n\  greater  than  that  of  the  cube 
of  the  vifual  ray.  Thus,  if  588  ftars  in  a given  field  of  view 
are  to  be  feen  by  a ray  of  497  times  the  diftance  of  Sirius  ; 
when  this  is  lengthened  to  1000,  which  is  but  little  more 
than  double  the  former,  the  number  of  ftars  in  the  fame  field 
of  view  will  be  no  lefs  than  4774  : for  when  the  vifual  ray  r 

is  given,  the  number  S of  ftars  will  be ; where  n = r+  1; 

and  a telefcope  with  a three-fold  power  of  extending  into  fpace, 
or  with  a ray  of  1 500,  which,  I think,  may  eafily  be  con- 
ftructed,  will  give  us  16096  ftars.  Now,  thefe  would  not  be 
fo  clofe  but  that  a good  power  applied  to  fuch  an  inftrument 
might  eafily  diftinguilh  them ; for  they  need  not,  if  arranged 
in  regular  fquares,  approach  nearer  to  each  other  than  67/,27  ; 
but  what  would  produce  the  milky  nebulofity  which  I have 

mentioned  is  the  numberlefs  ftars  beyond  them,  which  in  one 

refpeft 
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yefpeT  the  vifual  ray  might  alfo  be  faid  to  reach.  To  make 
this  appear  we  muft  return  to  the  naked  eye,  which,  as  we 
have  before  efKniated,  can  only  fee  the  ftars  of  the  feventh 
magnitude  fo  as  to  diftinguifti  them  ; but  it  is  neverthelefs  very 
evident  that  the  united  luftre  of  millions  of  ftars,  fuch  as  I 
fuppofe  the  nebula  in  Andromeda  to  be,  will  reach  our  light  in 
the  fhape  of  a very  fmall,  faint  nebulofity ; fince  the  nebula  of 
which  I fpeak  may  eafily  be  feen  in  a line  evening.  In  the 
fame  manner  my  prefen t telefcope,  as  I have  argued,  has  not 
only  a vifual  ray  that  will  reach  the  ftars  at  497  times  the  dift 
tance  of  Sirius  fo  as  to  diftinguifti  them  (and  probably  much 
farther),  but  alfo  a power  of  Ihewing  the  united  luftre  of  the 
accumulated  ftars  that  compofe  a milky  nebulofity,  at  a diftancc 
far  exceeding  the  former  limits ; fo  that  from  thefe  confidera- 
tions  it  appears  again  highly  probable,  that  my  prelent  telefcope, 
not  ftiewing  fuch  a nebulofity  in  the  milky  way,  goes  already  far 
beyond  its  extent : and  conlequently,  much  more  would  an 
inftrument,  fuch  as  I have  mentioned,  remove  all  doubt  on. 
the  fubjeft,  both  by  Ihewing  the  ftars  in  the  continuation  of 
the  ftratum,  and  by  expofing  a very  ftrong  milky  nebulofity 
beyond  them,  that  could  no  longer  be  miftaken  for  the  dark 
ground  of  the  heavens. 

To  thefe  arguments,  which  reft  on  the  firm  bafis  of  a furies 
of  obfervation,  we  may  add  the  following  confiderations  drawn 
from  analogy.  Among  the  great  number  of  nebulae  which  I 
have  now  already  feen,  amounting  to  more  than  900,  there 
are  many  which  in  all  probability  are  equally  extenfive  with 
that  which  we  inhabit ; and  yet  they  are  all  feparated  from  each 
other  by  very  confiderable  intervals.  Some  indeed  there  are 
that  feem  to  be  double  and  treble;  and  though  with  rnoft  of 
thefe  it  may  be,  that  they  are  at  a very  great  diftance  from  each 
Vol.  LXXV.  K k other. 
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other,  yet  we  allow  that  fome  fuch  conjunctions  really  are  to 
be  found ; nor  is  this'  what  we  mean  to  exclude.  But  then 
thefe  compound  or  double  nebulae,  which  are  thofe  of  the  third 
and  fourth  forms,  hill  make  a detached  link  in  the  great  chain. 
It  is  alfo  to  be  fuppofed,  that  there  may  ftill  be  fome  thinly 
fcattered  folitary  Bars  between  the  large  interfaces  of  nebulae, 
which,  being  htuated  fo  as  to  be  nearly  equally  attracted  by  the. 
feverai  duffers  when  they  were  forming,  remain  unaffociated. 
And  though  we  cannot  exped  to  fee  thefe  ffars,  on  account  of 
their  vaff  difhmce,  yet  we  may  well  prefume,  that  their  num- 
ber cannot  be  very  confiderable  in  comparifon  to  thofe  that  are 
already  drawn  into  fyflems ; which  conjedure  is  alfo  abun- 
dantly confirmed  infituations  where  the  nebulae  are  near  enough 
to  have  their  ffars  vifible  ; for  they  are  all  infulated,  and  gene- 
rally to  be  feen  upon  a very  clear  and  pure  ground,  without 
any  ffar  near  them  that  might  be  fuppofed  to  belong  to  them. 
And  though  I have  often  feen  them  in  beds  of  ffars,  yet  from 
the  fize  of  thefe  latter  we  may  be  certain,  that  they  were 
much  nearer  to  us  than  thofe  nebulas*  and  belonged  undoubtedly 
to  our  own  fyffem. 

life  of  the  gages. 

A delineation  of  our  nebula,  by  an  application  of  the  gages 
in  the  manner  which  has  been  propofed  to  be  done  in  my  for- 
mer paper,  may  now  be  attempted,  and  the  following  table  is 
calculated  for  this  purpofe.  It  gives  us  the  length  of  the  vifual 
ray  for  any  number  of  ffars  in  the  field  of  view  contained  in 
the  third  column  of  the  foregoing  table  of  gages  from  TV  to 
xooooo.  If  the  number  required  is  not  to  be  found  in  the  farfb 
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column  of  this  table,  a proportional  mean  may  be  taken  be- 
tween the  two  ncareft  rays  in  the  fecond  column,  without  any 
material  error,  except  in  the  few  laft  numbers.  The  calcula- 
tions of  refolvable  and  milky  nebulolity,  at  the  end  of  the 
table,  are  founded,  the  firft,  on  a fuppofition  of  the  fkirs 
being  fo  crowded  as  to  have  only  a fquare  fecond  of  fpace 
allowed  them;  the  next  aligning  them  only  half  a fecond 
fquare.  However,  we  fhould  confide r that  in  all  probability  a 
very  different  accumulation  of  jfiars  may  take  place  in  different 
nebulae  ; by  which  means  fome  of  them  may  affume  the  milky 
appearance,  though  not  near  fo  far  removed  from  us ; while 
duffers  of  jfiars  aifo  may  become  refolvable  nebulae  from  the 
lame  caufe.  The  diffinchiefs  of  the  inffirument  is  here  alfo 
concerned  ; and  as  telefcopes  with  large  apertures  are  not  eafily 
brought  to  a good  figure,  nebulous  appearances  of  both  forts 
may  probably  come  on  much  before  the  diflance  annexed  to 
them  in  the  table. 
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TABLE  II. 


Stars  in 
the  field 

Vifual 

ray. 

Stars 

Rav. 

Stars. 

Ray. 

Stars. 

Rav. 

j 

Stars. 

Ray. 

31 

32 
38 

34 

35 
30 

n n 
0 * 

38 

39 

40 

1 86 
188 
190 

192 

193 
*95 
*97 
199 

201 

202 

7* 

72 

73 

74 

75 

76 

77 
73 

79 

80 

245 

246 

247 

249 

250 

25* 

252 

253 

254 

255 

210 

220 

23O 

24O 

250 

260 

270 

280 

29O 

3°o 

352 

358 

3*>3 

368 

374 

378 

3g3 

388 

393 

397 

700 

80O 
900 
1000 
10000 
1 00000 

527 

55* 

573 

593 

1280 

2758 

0,1 

0,2 

0,3 

0,4 

0,5 

1 0,6 

o,7 
' 0,8 

0,9 

27 

34 

39 

43 

46 

49 

52 

54 

56 

1 

58 

4i 

204 

8i 

256 

3*° 

401 

2 

74 

42 

206 

82 

2 57 

320 

406 

636I75 

* 

3 

85 

43 

207 

33 

258 

33° 

410 

or 

, C*  T T 0 

4 

93 

44 

209 

84 

259 

340 

4*4 

reiolvable 

5 

101 

45 

210 

8s 

260 

35° 

418 

nebuloiity 

6 

107 

46 

212 

86 

26  1 

360 

422 

7 

1 13 

47 

214 

87 

262 

370 

426 

8 

118 

48 

215 

88 

263 

380 

43° 

9 

123 

49 

217 

89 

264 

39° 

433 

10 

127 

50 

2l8 

90 

265 

400 

437 

11 

*3* 

5i 

219 

9* 

266 

410 

441 

12 

*35 

52 

221 

92 

267 

420 

444 

2544700 

' 

13 

i39 

53 

222 

93 

268 

430 

448 

or 

>8115 

14 

142 

54 

224 

94 

269 

440 

45* 

milky 

*5 

146 

55 

225 

95 

270 

450 

455 

nebuloiity 

16 

149 

56 

226 

96 

27  1 

460 

458 

t 17 

*52 

57 

228 

97 

272 

47° 

461 

18 

i55 

58 

229 

98 

273 

480 

464 

19 

158 

59 

23O 

99 

274 

49° 

468 

20 

160 

60 

232 

100 

275 

500 

47* 

21 

163 

61 

233 

1 10 

284 

5*o 

474 

22 

166 

62 

234 

120 

291 

520 

477 

23 

168 

63 

236 

1 3° 

3°° 

530 

480 

24 

170 

64 

237 

140 

308 

540 

483 

25 

i73 

65 

238 

150 

3*5 

55° 

486 

26 

i75 

66 

239 

160 

322 

560 

489 

27 

177 

67 

24O 

170 

328 

570 

492 

28 

180 

68 

242 

180 

335 

580 

495 

29 

182 

69 

243 

190 

34* 

59° 

498 

3° 

184 

7° 

244 

200 

347 

600 

5°° 

1 

f 
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Sefflion  of  our  fidereal  fyftetn. 

By  taking  out  of  this  table  the  vifual  rays  which  anfwer  to 
the  gages,  and  applying  lines  proportional  to  them  around  a 
point,  according  to  their  refpedtive  right  afcenfions  and  north 
polar  didances,  we  may  delineate  a iolid  by  means  of  the  ends 
of  thefe  lines,  which  will  give  us  fo  many  points  in  its  fur- 
face  ; I fhall,  however,  content  myfelf  at  prefen t with  a fee- 
tion  only.  I have  taken  one  which  pafles  through  the  poles  of 
our  fyftem,  and  is  at  redtangles  to  the  conjunction  of  the 
branches  which  I have  called  its  length.  The  name  of  poles 
feemed  to  me  not  improperly  applied  to  thofe  points  which  are 
90  degrees  didant  from  a circle  palling  along  the  milky  way, 
and  the  north  pole  is  here  alfumed  to  be  fituated  in  R.A.  1860 
and  P.D.  58°.  The  fedtion  reprefented  in  fig.  4.  is  one  which 
makes  an  angle  of  35  degrees  with  our  equator,  eroding  it  in 
124I  and  304!  degrees.  A celedial  globe,  adj ufted  to  the  lati- 
tude of  550  north,  and  having  0-  Ceti  near  the  meridian,  will 
have  the  plane  of  this  fedtion  pointed  out  by  the  horizon,  and 
the  gages  which  have  been  ufed  in  this  delineation  are  thole 
which  in  table  I.  are  marked  by  afterilks.  When  the  vifual 
rays  anfwering  to  them  are  taken  out  of  the  fecond  table,  they 
mud:  be  projected  on  the  plane  of  the  horizon  of  the  latitude 
which  has  been  pointed  out ; and  this  may  be  done  accurately 
enough  for  the  prefent  purpofe  by  a globe  adjuded  as  above  di- 
rected; for  as  gages,  exactly  in  the  plane  of  the  fedtion,  were 
often  wanting,  I have  ufed  many  at  fome  Imall  didance  above 
and  below  the  fame,  for  the  fake  of  obtaining  more  delineating 
points;  and  in  the  figure  the  dars  at  the  borders  which  are 
larger  than,  the  red  are  thofe  pointed  out  by  the  gages.  The 
2 inter- 
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intermediate  parts  are  filled  up  by  {mailer  ftars  arranged  in 
ftraight  lines  betwjen  the  gaged  ones.  The  delineating  points, 
though  pretty  numerous,  are  not  fo  dofe  as  we  might  wifh ; 
It  is  however  to  be  hoped  that  in  Tome  future  time  this 
branch  of  afrronomy  will  become  more  cultivated,  fo  that  we 
may  have  gages  for  every  quarter  of  a degree  of  the  heavens  at 
lead;,  and  thefe  often  repeated  in  the  mod;  favourable  circum- 
ftances.  And  whenever  that  {hall  be  the  cafe,  the  delineations 
may  then  be  repeated  with  all  the  accuracy  that  long  experience 
may  enable  us  to  Introduce;  for,  this  fubject  being  fo  new,  I 
look  upon  what  is  here  given  partly  as  only  an  example  to 
illuftrate  the  fpirit  of  the  method.  From  this  figure  how- 
ever, which  I hope  is  not  a very  inaccurate  one,  we  may  fee 
that  our  nebula,  as  we  obferved  before,  is  of  the  third  form  ; 
that  is : A very  extenjive , branching , compound  Congeries  of 

many  millions  of  fars  ; which  mod;  probably  owes  its  origin  to 
many  remarkably  large  as  well  as  pretty  clofely  fcattered  fmall 
ftars,  that  may  have  drawn  together  the  reft.  Now,  to  have 
fome  idea  of  the  wonderful  extent  of  this  fyftem,  I muft  ob- 
ferve  that  this  feftion  of  it  is  drawn  upon  a fcale  where  the 
diftance  of  Sirius  is  no  more  than  the  8oth  part  of  an  inch  ; fo 
‘that  probably  all  the  ftars,  which  in  the  fineft  nights  we  are 
able  to  diftinguifti  with  the  naked  eye,  may  be  comprehended 
within  a fphere,  drawn  round  the  large  ftar  near  the  middle, 
rep  relenting  our  fituation  in  the  nebula,  of  lefs  than  half  a 
quarter  of  an  inch  radius. 

The  Origin  of  nebulous  Strata * 

If  it  were  poflible  to  diftinguifh  between  the  parts  of  an 
Indefinitely  extended  whole,  the  nebula  we  inhabit  might  be 

faid 
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faid  to  be  one  that  has  fewer  marks  of  profound  antiquity  upon 
it  than  the  reft.  To  explain  this  idea  perhaps  more  clearly,  we 
fhould  recoiled  that  the  condenfation  of  clufters  of  ftars  has 
been  afcribed  to  a gradual  approach ; and  whoever  refleds  on 
the  numbers  of  ages  that  muft  have  paft  before  fome  of  the 
clufters,  that  will  be  found  in  my  intended  catalogue  of  them, 
could  be  fo  far  condenfed  as  we  find  them  at  prefent,  will  not 
wonder  if  I afcribe  a certain  air  of  youth  and  vigour  to  many 
very  regularly  featured  regions  of  our  fidereal  ftratum.  There 
are  moreover  many  places  in  it  where  there  is  the  greateft 
reafon  to  believe  that  the  ftars,  if  we  may  judge  from  ap- 
pearances, are  now  drawing  towards  various  fecondary  centers, 
and  will  in  time  feparate  into  different  clufters,  fo  as  to  occa- 
fion  many  fub-divifions.  Hence  we  may  furmife  that  when  a 
nebulous  ftratum  confifts  chiefly  of  nebulas  of  the  flrft  and  fe- 
cond  form,  it  probably  owes  its  origin  to  what  may  be  called 
the  decay  of  a great  compound  nebula  of  the  third  form  ; and 
that  the  fub-divifions,  which  happened  to  it  in  length  of  time 
occafioned  all  the  fmall  nebulae  which  fprung  from  it  to  lie  in  a 
certain  range,  according  as  they  were  detached  from  the  pri- 
mary one.  In  like  manner  our  fyftem,  after  numbers  of  ages, 
may  very  poflibly  become  divided  fo  as  to  give  rife  to  a ftratum 
of  two  or  three  hundred  nebulas ; for  it  would  not  be  difficult 
to  point  out  fo  many  beginning  or  gathering  clufters  in  it  (/). 
This  view  of  the  prefent  fubjed  throws  a confiderable  light 
upon  the  appearance  of  that  remarkable  colledion  of  many 


(/)  Mr.  Michell  has  aifo  confidered  the  ftars  as  gathered  together  into 
groups  (Phil.  Tranf.  vol.  LVII,  p.  249,) ; which  idea  agrees  with  the  fub-divifion 
of  our  great  fyftem  here  pointed  out.  He  founds  an  elegant  proof  of  this  on 
the  computation  or  probabilities,  and  mentions  the  Pleiades,  the  Pnefepe  Cancri, 
and  the  nebula  (or  clufter  of  ftars)  in  the  hilt  of  PerWs  fword,  as  inftances. 
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hundreds  of  nebulae  which  are  to  be  feen  in  what  I have  called 
the  nebulous  ftratum  of  Coma  Berenices.  It  appears  from  the 
extended  and  branching  figure  of  our  nebula,  that  there  is  room, 
for  the  decompofed  fmall  nebulae  of  a large,  reduced,  former 
great  one  to  approach  nearer  to  us  in  the  Tides  than  in  other 
parts.  Nay,  poffibly,  there  might  originally  be  another  very 
large  joining  branch,  which  in  time  became  feparated  by  the 
condenfation  of  the  ftars ; and  this  may  be  the  reafon  of  the 
little  remaining  breadth  of  our  fyftem  in  that  very  place : for 
the  nebulae  of  the  ftratum  of  the  Coma  are  brighteft  and  moft 
crowded  juft  oppofte  our  fituation,  or  in  the  pole  of  our  fyftem. 
As  foon  as  this  idea  was  fuggefted,  I tried  alfo  the  oppofite  pole, 
where  accordingly  I have  met  with  a great  number  of  nebulae, 
though  under  a much  more  Scattered  form. 


An  'Opening  in  the  heavens. 

Some  .part-s  of  our  fyftem  indeed  feem  already  to  have  fuf- 
tained  greater  ravages  of  time  than  others,  if  this  way  of  ex- 
prefling  myfelf  may  be  allowed ; for  inftance,  in  the  body  of 
the  Scorpion  is  an  opening,  or  hole,  which  is  probably  owing  to 
this  caufe.  1 found  it  while  I was  gaging  in  the  parallel  from 
1 12  to  1 1 4 degrees  of  north  polar  diftance.  As  I approached 
the  milky  way,  the  gages  had  been  gradually  running  up  from 
9,7  to  1 7,1  ; when,  all  of  a fudden,  they  fell  down  to  nothing, 
a very  few  pretty  large  ftars  excepted,  which  made  them  fhew 
0,5,  0,7,  i,i,  1,4,  1,8;  after  which  they  again  role  to  4,7, 
13,5,  20,3,  and  foon  after  to  41,1.  This  opening  is' at  leaft 
4 degrees  broad,  but  its  height  I have  not  yet  afcertained.  It 
is  remarkable,  that  the  80  Nehuleufe  fans  etoiles  of  the  Con- 
ncijfance  des  Temps,  which  is  one  of  the  rich  eft  and  moft  com- 
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prefled  clufters  of  final!  ftars  I remember  to  have  feen,  is 
fituated  juft  on  the  weftern  border  of  it,  and  would  almoft  au- 
thorife  a fufpicion  that  the  ftars,  of  which  it  is  compofed,  were 
collected  from  that  place,  and  had  left  the  vacancy.  What  adds 
not  a little  to  this  furmife  is,  that  the  fame  phenomenon  is 
once  more  repeated  with  the  fourth  clufter  of  ftars  of  the 
Conn'oijfance  des  Temps ; which  is  alfo  on  the  weftern  border  of 
another  vacancy,  and  has  moreover  a fmall,  miniature  clufter, 
or  eafily  refolvable  nebula  of  about  2f  minutes  in  diameter, 
north  following  it,  at  no  very  great  diftance. 


Phenomena  at  the  Poles  of  our  Nebula . 

I ought  to  obferve,  that  there  is  a remarkable  purity  or  clear- 
nefs  in  the  heavens  when  we  look  out  of  our  ftratum  at  the 
fides;  that  is,  towards  Leo,  Virgo,  and  Coma  Berenices,  on  one 
hand,  and  towards  Cetus  on  the  other ; whereas  the  ground 
of  the  heavens  becomes  troubled  as  we  approach  towards  the 
length  or  height  of  it.  It  was  a good  while  before  1 could 
trace  the  caufe  of  thefe  phenomena ; but  fince  I have  been 
acquainted  with  the  Ihape  of  our  fyftem,  it  is  plain  that  thefe 
troubled  appearances,  when  we  approach  to  the  fides,  are  eafily 
to  be  explained  by  afcribing  them  to  fome  of  the  diftant,  ftrag- 
gling  ftars,  that  yield  hardly  light  enough  to  be  diftinguiftied. 
And  I have,  indeed,  often  experienced  this  to  be  actually  the 
caufe,  by  examining  thefe  troubled  fpots  for  a long  while  toge- 
ther, when,  at  laft,  I generally  perceived  the  ftars  which  occa- 
fioned  them.  But  w7hen  we  look  towards  the  poles  of  our 
lyftem,  where  the  vifual  ray  does  not  graze  along  the  fide,  the 
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ftraggling  ftars  of  courfe  will  be  very  few  in  number;  and 
therefore  the  ground  of  the  heavens  will  affume  that  purity 
which  1 have  always  observed  to  take  place  in  thofe  regions. 

Enumeration  of  very  compound  Nebula  or  Milky -Ways. 

As  we  are  ufed  to  call  the  appearance  of  the  heavens,  where 
it  is  furrounded  with  a bright  zone,  the  Milky- Way,  it  may 
not  be  amifs  to  point  out  forme  other  very  remarkable  Nebulae 
which  cannot  well  be  Ids,  but  are  probably  much  larger  than 
our  own  fyftem ; and,  being  alfo  extended,  the  inhabitants  of 
the  planets  that  attend  the  ftars  which  compofe  them  muft 
likewife  perceive  the  fame  phenomena.  For  which  reafon  they 
may  alfo  be  called  milky- ways  by  way  of  diftindion. 

My  opinion  of  their  fize  is  grounded  on  the  following  ob- 
fervations.  There  are  many  round  nebulas,  of  the  fir  ft  form, 
of  about  five  or  fix  minutes  in  diameter,  the  ftars  of  which  I 
can  fee  very  diftinftly ; and  on  comparing  them  with  the  vifual 
jay  calculated  from  fome  of  my  long  gages,  I fuppofe,  by  the  ap- 
pearance of  the  fmall  ftars  in  thofe  gages,  that  the  centers  of  thefe 
round  nebulae  may  be  600  times  the  diftance  of  Sirius  from  us. 

In  eftimating  the  diftance  of  fuch  clufters  I confulted 
rather  the  comparatively  apparent  fize  of  the  ftars  than 
their  mutual  diftance;  for  the  condenfation  in  thefe  clufters 
being  probably  much  greater  than  in  our  own  fyftem,  if  we 
were  to  overlook  this  circumftance  and  calculate  by  their  appa- 
rent comprefiion,  where,  in  about  fix  minutes  diameter,  there 
are  perhaps  ten  or  more  ftars  in  the  line  of  meafures,  we  fhould 
find,  that  on  the  fuppofition  of  an  equal  fcattering  of  the  ftars 
throughout  all  nebula,  the  diftance  of  the  center  of  fuch  a 
dufter  from  us  could  not  be  lefs  than  6000  times  the  diftance 
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of  Sirius.  And,  perhaps,  in  putting  it,  by  the  apparent  fize 
of  the  ftars,  at  600  only,  I may  have  confiderably  under-rated 
it ; but  my  argument,  if  that  fhould  be  the  cafe,  will  be  fo 
much  the  Wronger,  Now  to  proceed, 

Some  of  thefe  round  nebulae  have  others  near  them,  perfectly 
fimilar  inform*  colour,  -and  the  didribution  of  ftars,  but  of only 
half  the  diameter;  and  the  ftars  in  them  feem  to  be  doubly  crowded, 
and  only  at  about  half  the  diftance  from  each  other  : they  are 
indeed  fo  fill  all  as  not  to  be  vilible  without  the  utmoft  attention^ 
1 fuppofe  thefe  miniature  nebulae  to  be  at  double  the  diftance  of 
the  find.  An  inftance,  equally  remarkable  and  inflruftive,  is 
a cafe  where,  in  the  neighbourhood  of  two  fuch  nebulae  as 
have  been  mentioned,  I met  with  a third,  fimilar,  refolvabie, 
but  much  Imaller  and  fainter  nebula.  The  bars  of  it  are  no 
longer  to  be  perceived  ; but  a refemblance  of  colour  with  the 
former  two,  and  its  diminifhed  fize  and  light,  may  well  per- 
mit us  to  place  it  at  full  twice  the  diftance  of  the  fecond,  or 
about  four  or  five  times  that  of  the  fil'd:.  And  yet  the  nebu- 
lofity  is  not  of  the  milky  kind;  nor  is  it  fo  much  as  difficultly 
refolvabie,  or  colourlefs.  Now,  in  a few  of  the  extended  ne- 
bulae, the  light  changes  gradually  fo  as  from  the  refolvabie  to 
approach  to  the  milky  kind;  which  appears  to  me  an  indica- 
tion, that  the  milky  light  of  nebula  is  owing  to  their  much 
greater  diftance.  A nebula,  therefore,  wnofe  light  is  perfectly 
milky,  cannot  well  be  fuppofed  to  be  at  lefs  than  dx  or  eight 
thoufand  times  the  diftance  of  Sirius  ; and  though  the  numbers 
here  atliuned  are  not  to  be  taken  otherwife  than  as  very  coarfe 
eftlmates,  yet  an  extended  nebula,  which  in  an  oblique  dtua- 
tion,  where  it  is  poHibly  fore-fhortened  by  one-half,  two  thirds, 
or  three-fourths  of  its  length,  fubtends  a degree  or  more  in 
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diameter,  cannot  be  otherwife  than  of  a wonderful  magnitude, 
and  may  well  outvie  o^£  milky-way  in  grandeur. 

The  fir  ft  I fihall  mention  is  a milky  Ray  of  more  than  a de- 
gree in  length.  It  takes  k (Fl.  52.)  Cygni  into  its  extent,  to 
the  north  of  which  it  is  crookedly  bent  fo  as  to  be  convex 
towards  the  following  fide ; and  the  light  of  it  is  pretty  intenfe. 
To  the  fouth  of  k it  is  more  difFufed,  lefs  bright,  and  lofes 
Itfelf  with  fome  extenfion  in  two  branches,  I believe  ; but  for 
want  of  light  I could  not  determine  this  circumftance.  The 
northern  half  is  near  two  minutes  broad,  but  the  fouthern  is 
not  fufficiently  defined  to  afcertain  its  breadth. 

The  next  is  an  extremely  faint  milky  Ray,  above  £ degree 
long,  and  8 or  io/  broad;  extended  from  north  preceding  to 
fouth  following.  It  makes  an  angle  of  about  30  or  40  degrees- 
with  the  meridian,  and  contains  three  or  four  places  that  are 
brighter  than  the  reft.  The  ftars  of  the  Galaxy  are  fcattered 
over  it  in  the  fame  manner  as  over  the  reft  of  the  heavens.  It 
follows  e Cygni  1 1,5  minutes  in  time,  and  is  20  1 9'  more  fouth. 

The  third  is  a branching  Nebulofity  of  about  a degree  and  a 
half  in  right  afcenfion,  and  about  48'  extent  in  polar  diftance. 
The  following  part  of  it  is  divided  into  feveral  ftreams  and 
windings,  which,  after  fep  a rating,  meet  each  other  again 
towards  the  fouth.  It  precedes  Cygni  i.6;  in  time,  and  is 
i°  1 6'  more  north.  I fuppofe  this  to  be  joined  to  the  preceding 
one ; but  having  obferved  them  in  different  fweeps,  there  was 
no  opportunity  of  tracing  their  connection* 

The  fourth  is  a faint,  extended  milky  Ray  of  about  17G11 
length,  and  12'  in  breadth.  It  is  brighteft  and  broadeft  in  the 
middle,  and  the  ends  lofe  tHemfelves.  It  has  a fmall,  round, 
very  faint  nebula  juft  north  of  it ; and  alfo,  in  another  place, 
a fpot,  brighter  than  the  reft,  almoft  detached  enough  to  form 
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a different  nebula,  but  probably  belonging  to  the  great  one. 
The  Ray  precedes  a.  Trianguli  1 8 ', 8 in  time,  and  is  55' more 
north.  Another  observation  of  the  fame,  in  a finer  evening., 
mentions  its  extending  much  farther  towards  the  fouih,  and 
that  the  breadth  of  it  probably  is  not  lefs  than.,  half  a degree 
but  being  fhaded  away  by  imperceptible  gradations,  it  is  diffi- 
cult exactly  to.  affign  its  limits. 

The  fifth  is  a Streak  of  light  about  2 7'*  long,  and  in  the 
brlghteft  part  3,  or  4'  broad.  The.  extent  is  nearly  in  the  meri- 
dian, or  a little  from  ; fouth  preceding  to  north  following;  It 
follows  (3  Ceti  5', 9 in  time,  and  is  2°  43 7 more  fouth.  The 
fituation  is  fo  low,,  that  it  would  probably  appear  of  a much 
greater  extent  in  a higher  altitude.. 

The  fixth  is  an  extenfive  milky  Nebulofity  divided  into  two 
parts;  the  moll  north  being  the  ftrongeft.  Its  extent  exceeds 
15  ? the  fouthern  part  is  followed  by  a parcel  of  ftars  which 
I fuppofe  to  be  the  8 th  of  the  ConnGtjfmce  des  Temps. 

, The  feventh  is  a Wonderful,  extenfive  Nebulofity  of  the  milky, 
kind.  There  are  feveral  liars  vifible  in  it,  but  they  can  have 
no  connedion  with  that  iiebulofity,  and  are,,  doubtlefs,  belong- 
ing to  our  own  fyftem  fcattered  before  it.  It  is  the  17th  of 
the  Connoi[fance  des  Temps,  r 

In  the  lift  of  thefe  muft  alfo  be  reckoned  the  beautiful  Ne- 
bula of  Orion.  Its  extent  is  much  above  one  degree  the 
eaftern  branch  pafifes  between  two  very  filial!  ftars,  and  runs  on 
till  it  meets  a very  bright  one..  Clofe  to  the  four  finall  ftars, 
which  can  have  no  connedion  with  the  nebula,  is  a total  black- 
nefs;  and  within  the  open  part,  towards  the  north-eaft,  is  a 
diftind,  fmall,  faint  nebula,  of  an  extended  ihape,  at  a diftance 
from  the  border  of  the  great  one,  to  which  it  runs  .in  a parallel 
4 diredioD,.. 
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direction,  refembling  the  fhoals  that  are  feen  neiVi*  the  coads  of 
fume  iOands. 

The  ninth  is  that  in  the  girdle  of  Andromeda,  which  is  un- 
doubtedly the  neareft  of  all  the  great  nebulae;  its  extent  is 
above  a degfee  and  a half  in  length,  and,  in  even  one  of  the 
narrowed:  places,  not  lefs  than  i6'  in  breadth.  The  brighted 
part  of  it  approaches  to  the  refolvable  nebuMty,  and  begins 
to  (hew  a faint  red  colour ; which,  from  many  ohfervations  on 
the  colour  and  magnitude  of  nebulae,  I believe  to  be  an  indica- 
tion that  its  didance  in  this  coloured  part  does  dot  exceed  200b 
times  the  didance  of  Sirius.  There  is  a very  confiderable, 
broad,  pretty  faint,  frnall  nebula  near  it ; my  Sider  difeovered 
it  Augud  27,  1783,  with  a Newtonian  2-feet  fweeper.  It  drews 
the  fame  faint  colour  with  the  great  one,  and  is,  no  doubt,  ill 
the  neighbourhood  of  it.  It  is  not  the  3 id  of  the  Connoijj'ance 
des  T e mps ; which  is  a pretty  large  round  nebula,  much  con- 
denfed  in  the  middle,  and  fouth  following  the  great  one ; but 
this  is  about  two-thirds  of  a degree  north  preceding  it,  in  a 
line  parallel  to  (3  and  v Andromedas. 

To  thefe  may  be  added  the  nebula  in  Vulpecula for,  though 
its  appearance  is  not  large,  it  is  probably  a double  dratum  of 
dars  of  a very  great  extent,  one  end  whereof  is  turned  towards 
us.  That  it  is  thus  dtuated  may  be  furmifed  frorn  its  contain- 
ing, in  different  parts,  nearly  all  the  three  nebulodties, 
the  refolvable,  the  coloured  but  irtefolvable,  and  a tincture  of 
the  milky  kind.  Now,  what  great  length  mud  he  required  to 
produce  thefe  effe&s  may  eadly  be  conceived  wnen,  in  all  prof- 
itability, our  whole  fydem,  of  about  8co  dars  m diameter,  if 
it  were  feen  at  fuch  a didance  that  one  end  of  it  might  affume 

the  refolvable  nebulohty,  would  not,  at  the  other  end,  prefent 
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m with  the  irrefolvable,  much  iefs  with  the 
milky  fort  of  nebuiofities. 
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A Perforated  Nebula , or  Ring  of  Stars . 

Among  the  curiofities  of  the  heavens  fhould  be  placed  a 
nebula,  that  has  a regular,  concentric,  dark  fpot  in  the  middle, 
and  is  probably  a Ring  of  dars.  It  is  of  an  oval  diape,  the 
Ihorter  axis  being  to  the  longer  as  about  83  to  100  ; fo  that,  if 
the  fars  foirn  a cncle,  its  inclination  to  a line  drawn  from  the 
fun  to  the  center  of  this  nebula  mud  be  about  56  degrees.  The 
light  is  of  the  refolvable  kind,  and  in  the  northern  fide  three 
very  faint  dars  may  be  feen,  as  alfo  one  or  two  in  the  fouthern 
pait.  The  vertices  or  the  longer  axis  feem  lefs  bright  and  not 
fo  well  defined  as  the  red.  There  are  feveral  fmall  dars  very 
near,  but  none  that  feem  to  belong  to  it.  It  is  the  57th  of 
the  Connoijjance  des  Romps*  Fig-  5*  is  a representation  of  it. 

Planetary  Nebulae. 

I Shall  conclude  this  paper  with  an  account  of  a few  hea- 
venly bodies,  that  from  their  Singular  appearance  leave  mealmoft 
in  doubt  where  to  clafs  them. 

The  fird  piecedes  v Acjuani  m time,  and  is  f more 
north,  Its  place,  with  regard  to  a fmall  dar  Sept.  7,  1782, 
was,  Didance  8/  13"  5 T"  ; but  on  account  of  the  low  fituation, 
and  other  unfavourable  circumdances,  the  meafure  cannot  be 
very  exad.  Augud  25,  1783,  Didance  7'  5"  1 T",  very  exad, 
ana  to  my  fatisfadion  ; the  light  being  thrown  in  by  an  opaque- 
microfeopiedllumination  (g).  Sept,  20,  1 783,  Poftion  4T  24I 

fouth 

(D  It  may  be  of  uie  to  explain  this  kind  of  illumination  for  which  the  New- 
tonian reflector  is  admirably  conftruaed.  On  the  fide  oppefite  the  eye-piece  an 
opening  is  to  be  made  in  the  tube,  through  which  thejight  may  be  thrown  in,  fo 
=»s  to  fall  on  fame  refle&ing  body,  or  concave  perforated  mirror,  within  the  eye- 
piece. 
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fouth.  preceding  the  fame  ftar ; very  exact,  and  by  the  fame 
kind  of  illumination.  G&.  17,  1783,  Diftance  6'  55"  7''' ; 
a fecond  mealure  6/  56"  11"' , as  exact  as  poffible.  Oct.  23, 
i 783,  Portion  420  57/;  a fecond  meafure  420  45' ; finglelens ; 
power  71;  opaque- microfcopic-illumination.  Nov.  14,  1783, 
Didance  7' 4 /'3s'".  Nov.  12,  1 784,  Diftance  7"  2 2/7  35//7 ; 
Pofitioil  r(8°  39ft  Its  diameter  is  about  10  or  1 5" . I have  exa- 
mined it  with  the  powers  of  71,  227,  278,  460,  and  932  ; 
and  it  follows  the  laws  of  magnifying,  fo  that  its  body  is  no 
ill u (ion  of  light.  It  is  a little  oval,  and  in  the  7-feet  refledtor 
pretty  well  defined,  but  not  fharp  on  the  edges.  In  the  20- feet, 
of  18,7  inch  aperture,  it  is  much  better  defined,  and  has  much 
of  a planetary  appearance,  being  all  over  of  an  uniform  bright- 
ness, in  which  it  differs  from  nebulae  : its  light  feems  however 
to  be  of  the  ftarry  nature,  which  fuffers  not  nearly  fo  much  as 
the  planetary  difks  are  known  to  do,  when  much  magnified. 

The  fecond  of  thefe  bodies  precedes  the  13th  of  Flam- 
steed’s Andromeda  about  i'6  in  time,  and  is  227  more  fouth. 
It  has  a round,  bright,  pretty  well  defined  planetary  difk  of 
about  1 2"  diameter,  and  is  a little  elliptical.  When  it  is  viewed 
with  a 7-feet  refledtor,  or  other  inferior  inftruments,  it  is  not 
nearly  fo  well  defined  as  with  the  20-feet.  Its  fituation  with 
regard  to  a pretty  confiderable  ftar  is,  Diftance  (with  a com- 
pound glafs  of  a low  power)  7'  5i//34///.  Pofition  i20o'  f. 
preceding.  Diameter  taken  with  278,  14"  42//7. 

The  third  follows  B (Fl.  44.)  Ophiuchi  4',i  in  time,  and 
is  23'  more  north.  It  is  round,  tolerably  well  defined,  and 
pretty  bright ; its  diameter  is  about  30". 


piece,  that  may  throw  it  back  upon  the  wires.  By  this  means  none  of  the  direft 
rays  can  reach  the  eye,  and  thofe  few  which  are  reflected  again  from  the  wires  do 
not  interfere  fenfibly  with  the  fainteft  objeds,  which  may  thus  be  fecn  undif- 
turbed. 

The 
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The  fourth  follows  y Sagittas  if,i  in  time,  aid  is  T more 
north.  It  is  perfectly  round,  pretty  bright,  and  pretty  well 
•defined  ; about  £ min.  in  diameter. 

The  fifth  follows  the  21ft  Vulpeculse  27,r  in  time,  and  is 
i°  46'  more  north.  It  is  exadllv  round,  of  an  equal  light 
throughout,  but  pretty  faint,  and  about  T in  diameter. 

The  fixth  precedes  h (FT.  39.)  Cygni  8',i  in  time,  and  is 
i°  267  more  fouth.  It  is  perfedUy  round,  and  of  an  equal 
light,  but  pretty  faint ; its  diameter  is  near  T,  and  the  edges 
are  pretty  well  defined. 

The  planetary  appearance  of  the  two  find  is  fb  remarkable, 
that  we  can  hardly  fuppofe  them  to  be  nebulae;  their  light  is 
fo  uniform,  as  well  as  vivid,  the  diameters  fo  fmall  and  well 
defined,  as  to  make  it  altnoft  improbable  they  fhould  belong-  to 
that  fpecies  of  bodies.  O11  the  other  hand,  the  effect  of  dif- 
ferent powers  feems  to  be  much  ag'ainft  their  light’s  being  of  a 
planetary  nature,  Alice  it  preferves  its  brightnsfs  nearly  in  the 
fame  manner  as  the  liars  do  in  fimilar  trials.  If  we  would  fup** 
pofe  them  to  befingle  ftars  with  large  diameters  we  (hall  find  it 
difficult  to  account  for  their  not  being  brighter ; unlefs  we 
fhould  admit  that  the  intrinfic  light  of  fome  liars  may  be  very 
much  inferior  to  that  of  the  generality,  which  however  can 
hardly  be  imagined  to  extend  to  fuch  a degree.  We  might 
fufpedt  them  to  be  comets  about  their  aphelion,  if  the  bright- 
nefs  as  well  as  magnitude  of  the  diameters  did  not  oppofe  this 
idea ; fo  that  after  all,  we  can  hardly  find  any  hypothecs  fo 
probable  as  that  ot  their  being  Nebula? ; but  then  they  mu  ft. 
confift  of  liars  that  are  comp  refled  and  accumulated  in  the 
higheft  degree.  If  it  were  not  perhaps  too  hazardous  to  pur fue 
a former  furmife  ot  a renewal  in  what  I figuratively  called  the 
Laboratories  of  the  univerle,  the  liars  forming  thefe  extraordi- 
nary nebulas,  by  fome  decay  or  wafte  of  nature,  being  no  longer 
Vol.  LXXV.  M tin  fit 
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fit  for  their  former  pur  poles,  and  having  their  projectile  forces, 
if  any  fuch  they  had,  retarded  in  each  others  atmofphere,  may- 
ruth  at  laid  together,  and  either  in  luccedion,  or  by  one  general 
tremendous  fhock,  unite  into  a new  body.  Perhaps  the  ex- 
traordinary and  fudden  blaze  of  a new  ftar  in  Caffiopea’s  chair, 
in  1572,  might  poflibly  be  of  fuch  a nature.  But  left  I ftiould 
be  led  too  far  from  the  path  of  observation,  to  which  I am 
refolved  to  limit  myfelf,  1 fball  only  point  out  a confiderable 
life  that  may  be  made  of  thefie  curious  bodies.  If  a little  atten- 
tion to  them  fhould  prove  that,  having  no  annual  parallax,  they 
belong  moft  probably  to  the  clafs  of  nebulas,  they  may  then 
be  expected  to  keep  their  fituation  better  than  any  one  of  the 
ftars  belonging  to  our  fyftem,  on  account  of  their  being  pro- 
bably at  a very  great  diftance.  Now  to  have  a fixed  point 
fomewhere  in  the  heavens,  to  which  the  motions  of  the  reft 
may  be  referred,  is  certainly  of  confiderable  confequence  in 
Aftronomy  ; and  both  thefe  bodies  are  bright  and  fma-ll  enough 
to  anfiwer  that  end  (JS). 

Datchet  near  Windfor,  \V.  HERSCHEE. 

January  1,  1785. 

(h)  Having  found  two  more  of  thefe  curious  objedls,  I add  the  place  of  them 
here,  in  hopes  that  thofe  who  have  fixed  infiruments  may  be  induced  to  take  an 
early  opportunity  of  oblerviug  them  carefully. 

Feb.  I,  1785.  A very  bright,  planetary  nebula,  about  half  a minute  in  diame- 
ter but  the  edges  are  not  very  well  defined.  It  is  perfectly  round,  or  perhaps  a 
very  little  elliptical,  and  all  over  of  an  uniform  brightnefs  : with  higher  powers 
it  becomes  proportionally  magnified.  It  follows  7 Eridani  16  16  in  time,  and 
is  49'  more  north  than  that  ftar. 

Feb.  7,  1785.  A beautiful,  very  brilliant  globe  of  light;  a little  hazy  on  the 
edges,  but.  the  hazinefs  goes  oft  very  fuddenly,  fo  as  not  to  exceed  the  20.th  part 
of  the  diameter,  which  I fuppofe  to  be  from  30  to  4®  • It  is  round,  ot  perhaps 
a very  little  elliptical,  and  all  over  of  an  uniform  brightnefs  : I fuppofe  the  intenfity 
of  its  light  to  be  equal  to  that  of  a ftar  of  the  ninth  magnitude.  It  precedes  the 
third  b (Ft.  6.)  Crateris  28'  36"  in  time,  and  is  i°  25'  more  north  than  that  ftar. 
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XIII.  Remarks  on  fpecific  Gravities  taken  at  different  Degrees  of 
Heat,  and  an  eafy  Method  of  reducing  them  to  a common  Stan- 
dard. By  Richard  Kir  wan,  Efq.  P.  R.  S. 


Read  February  1 7,  1785:. 


THAT  a comparative  view  of  the  weights  of  equal  volumes 
of  water  and  all  other  fubftances  is  highly  ufeful  011 
many  occafions,  is  too  well  known  to  require  any  proof;  but 
that  a principal  ufe  refulting  from  this  companion,  when  pro- 
perly made,  is  unattainable  by  a perufal  of  the  common  tables, 
I fhall  here  endeavour  to  (hew,  and  at  the  fame  time  point 
■out  a remedy  for  this  defetl. 

One  capital  advantage  derivable  from  a table  of  fpecific  gra- 
vities, is  the  knowledge  of  the  abfolute  weight  of  any  folid 
meafure  of  the  fubftances  therein  contained,  or  that  of  the  folicl 
meafure  of  a given  weight  of  thofe  fubftances,  a cubic  foot  of 
water  being  luppofed  to  weigh  1000  ounces  avoirdupois,  and 
confequently  a cubic  inch  of  water  weighing  253,182  grains. 
But  the  authors  who  have  difeovered  this  equation  of  weight  and 
mealure,  and  all  thofe  who  have  fnce  treated  this  lubjebt,  have 
neglefled  to  inform  us  of  the  temperature  at  which  this  agree- 
ment takes  place  ; yet  that  it  cannot  take  place  in  all  tempera- 
tures is  evident  from  the  experiments  of  Dr.  Halley  and 
others,  who  have  found,  that  from  a few  degrees  above  the 
freezing  to  the  boiling  point,  water  is  dilated  about  Py  of  its 
bulk;  and,  confequently,  if  1000  ounces  at  the  freezing  point 
he  equal  to  one  cubic  foot,  they  muft  be  equal  at  the  boiling 

M m 2 point 

f/D// 


iPtSefcPi 
Oz.1 
= /0O(X ' 

2S3-/823J03 

der  & fyr*'** 

— / One ; , 

. , , / 
iff  Pi  D'l  i /A-  C 

&T  f0oc  /In 


\r  ~ '0324&/S 


/j  ff 


9 


/ 2/2 

3 


26! 


■1 


n h 

s- r " 

M/ib/r 
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£Q'4G/4j%G  point  to  one  cubic  foot  and  66.46  cubic  inches.  And  if  the 
, dilatations  are  proportional  to  the  degrees  of  heat  throughout 
ijf  0 ' Gy  2 g oyj  the  f'cale,  there  mu  ft  be  an  augmentation  of  3,136  cubic  inches 
per  cubic  foot,  produced  by  every  10  degrees  of  heat.  Both 
thefe  points  remain,  therefore,  to  be  determined  ; firft,  at  what 
temperature  a cubic  foot  of  water  weighs  exactly  1000  ounces 
avoirdupois  ; and,2dly,  whether  the  dilatations  produced  by  fuc~ 
ceffive  degrees  of  heat  are  proportional  to  the  degrees  that  pro- 
duce them.  This  laft  point  has  indeed  been  handled  by  others,, 
but  with  different  views;  and  their  determinations  arenoteafily 
applicable  to  the  prefen t queftioo. 

To  examine  this  matter  experimentally,  I ordered  a hollow 
tinned  iron  cone  to  be  made,  of  four  inches  diameter  in  the 
bafe,  one-tenth  of  an  inch  diameter  in  the  fummit  infide,  and 
30  inches  perpendicular  height,  whole  folid  contents  fhouldbe 
'lA-sC/GMJr'fc  42*961  cubic  inches,  but  by  a flight  diminution  of  the  dia- 
meter,  and  a protuberance  arifing  from  the  foldering,  I found 
! ‘ it  to  contain,  in  the  temperature  of  62%  but  42,731  cubic 

. Inches,  according  to  the  eftimation  of  1000  ounces  to  the 

cubic  foot  ; and  having  filled  it  by  immerfion  in  boiling  water, 
0//;>c  • "'and  taken  it  up  at  different  degrees  of  heat,  and  weighed  it 

jyy'Cpy  when  cold,  I found  its  contents  as  expreffed  in  the  following 

I U}Ot  jf/j£  7 d*ii t&stusH-- 
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table  ; the  firft  column  of  which  fhews  the  degrees  of  heat  at 
which  it  was  taken  up  ; the  fecond,  the  weight  of  the  water 
contained  in  it ; the  third,  the  diminution  of  weight  occafioned 
by  thofe  degrees  of  heat ; the  fourth,  the  fum  of  the  diminu- 
tions of  weight  in  the  cubic  foot,  by  the  preceding  degrees  of 
heat ; the  fifth  fhews  the  weight  of  a cubic  inch  of  water  in 
each  of  thofe  degrees  of  heat ; and  the  fixth,  the  augmentation 
of  bulk  in  the  cubic  foot  by  every  20°  of  heat.  The  horizontal 
lines,  marked  thus  '^,1  have  added  from  the  experiments  of  Mr* 
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Bladh,  in  the  Memoirs  of  the  Academy  of  Stockholm  for  the 
year  1776,  whofe  determinations,  as  far  as  they  reached,  agreed 
very  nearly  with  mine.  The  water  I ufed  was  common  water 
Well  boiled  and  filtered.  The  experiments  were  for  the  mod; 
part  three  times  repeated,  and  the  difference  in  each  trial 
amounted  to  a very  few  grains. 


= J8y^2384^j 

Hence  we  fee,  that  a cubic  foot  of  water  weighs  485,3  grains  / ‘/ay2f  y 
more  at  420  than  at  62°,  and  confequently  is  equal  to  1001,109^ 
avoirdupois  ounces,  and  in  the  temperature  of  82^  it  weighs  lefs 
than  at  62°  by  788,5  grains,  and  therefore  is  equal  to  998,198^ yy#vyyy/y- 
ounces.  At  the  boiling  point  it  wants  1 6589  grains,  or  37,9 1 5 ^ ^/  9////  J 
ounces  of  the,,  weight  it  poffelles  at  62°,  and  confequently 
weighs  but  962,08  5 ounces,  &c» 
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In  this  calculation  I take  no  account  of  the  difference  arifing 
from  the  expan fion  of  the  veffel,  it  being  only  0,067  a11 

inchat  the  boiling  point ; for,  according  to  Bouguer,  iron  is 
dilated  0,00055  of  its  bulk  from  the  freezing  to  the  boiling 
point;  consequently  42,961  cubic  inches  gain  only  0,067  of  an 
inch,  augmenting  the  diameter  and  perpendicular  height  of 
this  fruflum  of  a cone  at  the  boiling  point  in  that  proportion. 

Hence  alfo  we  fee,  that  the  expanfions  of  water  are  not  pro- 
portional to  the  degrees  of  heat ; for  by  20  degrees  of  heat  from 
62°  to  82°  a cubic  foot  of  water  is  dilated  only3,i  2 inches,  but  by 
the  next  20  degrees  of  heat,  that  is.,  from  82°  to  102%  it  is 
expanded  5,7  inches,  &c. 

Mr.  Bladh  found  the  volume  of  water  at  320  to  be  equal 
to  that  at  530, 6 ; but  that  this  irregular  expanfion  ceafed  at  o>6°6$ 
and,  according  to  Mr.  De  Luc  (who  fuff  .difcovered  it)  at  430. 

As  the  expanfion  of  liquids  by  equal  degrees  of  heat  is  much 
greater  than  that  of  folida,  it  happens,  that  the  fpecific  gravi- 
ties of  the  fame  folid  taken  at  different  temperatures  will  be 
different:;  and,  what  appears  more  extraordinary,  the  fame  folid 
will  appear  fpecidcally  heavier  in  higher  than  in  lower  tempera- 
tures ; for  the  fame  volume  of  water  being  lighter  in  higher 
than  .in  lower  temperatures,  the  folid  willlofe  dels  of  its  weight 
in  it  in  the  former  than  in  the  latter  cafe : this  miffaike  we 
may  remedy  by  infpeCting  the  fifth  column  of  the  foregoing 
table  and  the  following  analogy  : as  the  weight  of  a cubic  inch 
of  water  at  the  temperature  of  62°  is  to  .the  weight  of  a cubic 
inch  of  water  at  n degrees  of  temperature,  fo  is  the  fpecific 
gravity  found  at  n degrees  of  temperature  to  that  which  will 
be  found  at  62°. 

Thus,  if  1000  grains  of  iron  be  weighed  in  water  of  the 
temperature  of  62°,  and  it  iofes  therein  13,533  grains*  ir  the 

fame 


at  different  Degrees  of  Heat.  2 7 t 

fame  piece  of  iron  be  weighed  in  water  of  the  temperature  of 
75°>  ^ will  lofe  but  1 3,31 3 grains;  for  the  Ioffes  of  weight 
will  be  as  the  weights  of  equal  volumes  of  water  at  thole  tem- 
peratures, which,  as  we  have  feen,  are  as  253,18  to  252,8 ; there- 
fore, its  fpecific  gravity  in  water  of  the  temperature  of  62® 
will  be  7,49;  and  in  water  of  the  temperature  of  750.  7,511  ;• 
but  we  may  corredt  this  by  the  above  analogy,  for 
w 253,8  . 252,18  ::  7,51  i . 7,49. 

By  this  means  we  obtain  tire  advantage  of  difcovering  the 
true  weight  of  a cubic  foot  of  any  fubflance  whole  fpecific  gra- 
vity is  known,  which  it  is  now  plain  cannot  be  known  when 
bodies  are  hydroflatically  weighed  at  any  temperature  a few 
degrees  above  or  below  62°,  without  fuch  redudfion,  or  fub- 
tradling  the  quantities  in  the  fourth  column. 

This  method  is  equally  applicable,,  and  with  equal  neceflity, 
to  other  means  of  finding  fpecific  gravities,  as  areometers,  the 
comparifon  of  the  weights  of  equal  meafures  of  liquids,  the 
different  Ioffes  of  weight  of  the  lame  folid,  when  weighed  in 
different  liquids,  &c.  In  all  which  cafes  the  weight  of  water 
at  62°,  or  the  lofs  of  weight  of  a folid  in  water  at  62%  fhould, 
be  found  by  the  above  analogy. 

Dr.  Hales  and  fome  others  have  eflimated  the  weight  of  a 
cubic  inch  of  water  at  254  grains,,  which  is  an  evident  miftakes 
as  it  is  true  in  no  degree  of  temperature,  and  produces  an  error 
of  more  than  three  ounces  in  the  cubic  foot. 
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XIV.  Electrical  Experiments  made  in  order  to  afcertain  the  non- 
conducting Power  of  a perfect  Vacuum , &c.  By  Mr.  Wil- 
liam Morgan ; communicated  by  the  Rev . Richard  Price, 
LL.D.  F.R.S. 


Read  February  245  1785. 

rpHE  non-conduaMg  power  of  a perfect  vacuum  is  a fadt 
1 in  eledtricity  which  has  been  much  controverted  among 
philofophers.  The  experiments  made  by  Mr.  W alsh,  F.R.S.  in 
the  double  barometer  tube  clearly  demonstrated  the  impermeabi- 
lity of  the  electric  tight  through  a vacuum  ; nor  was  it,  1 think, 
precipitate  to  conclude  from  them  the  impermeability  of  the 
eledlric  fluid  itfelf.  But  this  conclusion  has  not  been  univerfally 
admitted,  and  the  following  experiments  were  made  with  the 
view  of  determining  its  truth  or  fallacy.  When  I firft  attended 
to  the  fubjedt,  I was  not  aware  that  any  other  attempts  had 
been  made  befides  thofe  of  Mr.  Walsh;  and  though  I have 
Since  found  myfelf  to  have  been  in  part  anticipated  in  one  of 
my  experiments,  it  may  not  perhaps  be  improper  to  give  fame 
account  of  them,  not  only  as  they  are  an  additional  teftimony 
in  Support  of  this  fadt,  but  as  they  led  to  the  observation  of 
Some  phenomena  which  appear  to  be  new  and  interefling. 

A mercurial  gage  B (See  tab.  IX.  fig.  1.)  about  15  inches 
long,  carefully  and  accurately  boiled  till  every  particle  of  air 
was  expelled  from  the  infide,  was  coated  with  tin-foil  live 
inches  down  from  its  Sealed  end  (A),  and  being  inverted  into 

mercury 


Mr.  Morgan’s  Experiments , &c. 

; mercury  through  a perforation  (D)  in  the  bfafs  cap  '(E)  which 
covered  the  mouth  of  the  cittern  (H),  the  whole  was  cemented 
together,  and  the  air  was  exhautted  from  the  infide  of  the 
cittern  through  a valve  (C)  in  the  brafs  cap  (E)  jutt  mentioned, 
which  producing  a perfect  vacuum  in  the  gage  (B)  afforded  an 
inftrument  peculiarly  well  adapted  for  experiments  of  this 
kind.  Things  being  thus  adjufted  (a  fmall  wire  (F)  having 
been  previoufly  fixed  on  the  infide  of  the  cittern  to  form  a com- 
munication between  the  brafs  cap  (E)  and  the  mercury  (G) 
into  which  the  gage  was  inverted)  the  coated  end  (A)  was  ap- 
plied to  the  conductor  of  an  eledtrical  machine,  and  notwifh- 
ftanding  every  effort,  neither  the  fmallett  ray  of  light,  nor  the 
flighteft  charge,  could  ever  be  procured  in  this  exhautted  gage. 
I need  not  obferve,  that  if  the  vacuum  on  its  infide  had  been  a 
condu&or  of  ele&ricity,  the  latter  at  leaft  mutt  have  taken 
place , for  it  is  well  known  (and  I have  myfelf  often  made  tlip 
experiment)  that  if  a glafs  tube  be  exhautted  by  an  air-pump, 
and  coated  on  the  outfide,  both  light  and  a charge  may  very 
readily  be  procured.  If  the  mercury  in  the  gage  be  imperfedtly 
boiled,  the  experiment  will  not  fucceed ; but  the  colour  of  the 
eledtric  light,  which,  in  air  rarefied  by  an  exhaufter,  is  always 
violet  or  purple,  appears  in  this  cafe  of  a beautiful  green,  and, 
what  is  very  curious,  the  degree  of  the  air’s  rarefaction  may  be 
nearly  determined  by  this  means ; for  I have  known  inftances, 
during  the  courfe  of  thefe  experiments,  where  a fmall  particle 
of  air  having  found  its  way  into  the  tube  (B),  the  eledtric 
light  became  vifible,  and  as  ufual  of  a green  colour ; but  the 
charge  being  often  repeated,  the  gage  has  at  length  cracked  at 
its  fealed  end,  and  in  confequence  the  external  air,  by  being 
admitted  into  the  infide,  has  gradually  produced  a change  in 
the  eledtric  light  from  green  to  blue,  from  blue  to  indigo,  and 
Vol.  LXXV.  N n fo 
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fo  on  to  violet  and  purple,  till  the  medium  has  at  laft  become  fo 
denfe  as  no  longer  to  be  a condudor  of  electricity.  I think 
there  can  be  little  doubt  from  the  above  experiments  of  the 
non-conducing  power  of  a perfed  vacuum;  and  this  fad  is 
dill  more  fhrongly  confirmed  by  the  phenomena  which  appear 
upon  the  admiffion  of  a very  minute  particle  of  air  into  the 
infide  of  the  gage.  In  this,  cafe  the  whole  becomes  imme- 
diately luminous  upon  the  flighted  application  of  electricity, 
and  a charge  takes  place,  which  continues  to  grow  more  and 
more  powerful  in  proportion  as  frefh  air  is  admitted,  till  the 
denlity  of  the  conduding  medium  arrives  at  its  maximum, 
which  it  always  does  when  the  colour  of  the  eledric  light  is 
indigo  or  violet.  Under  thefe  circumftances  the  charge  may 
be  fo  far  increafed  as  frequently  to  break  the  glafs.  In  fome 
tubes,  which  have  not  been  completely  boiled,  1 have  obferved, 
that  they  will  not  condud  the  eledric  fluid  when  the  mercury  is 
fallen  very  low  in  them,  yet  upon  letting  in  air  into  the  ciftern 
(H),  fo  that  the  mercury  fhall  rife  in  the  gage  (B),  the  elec- 
tric fluid,  which  was  before  latent  in  the  infide,  fhall  now  be- 
come vifible,  and  as  the  mercury  continues  to  rife,  and  of  con- 
iequence  the  medium  is  rendered  lefs  rare,  the  light  fhall  grow 
more  and  more  vifible,  and  the  gage  fhall  at  lafl  be  charged, 
not withftan ding  it  has  not  been  near  an  eledrical  machine  for 
two  or  three  days.  This  feems  to  prove,  that  there  is  a limit 
even  in  the  rarefadion  of  air,  which  fets  bounds  to  its  con- 
duding power  ; or,  in  other  words,  that  the  particles  of  air  may 
be  fo  far  feparated  from  each  other  as  no  longer  to  be  able  to 
tranfmit  the  eledric  fluid ; that  if  they  are  brought  within  a 
certain  diflance  of  each  other, their  conduding  power  begins,  and 
continually  increafes  till  their  approach  alfo  arrives  at  its  limit, 
when  the  particles  again  become  fo  near  as  to  refill  the  paffage 
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of  the  fluid  entirely,  without  employing  violence,  which  is 
the  cafe  in  common  and  condensed  air,  but  more  particularly 
in  the  latter.  Thefe  experiments,  however,  belong  to  another 
fubject,  and  may  poflibly  be  communicated  at  fome  future 
time. 

It  is  furprifing  to  obferve,  how  readily,  an  exhaufted  tube  is 
charged  with  electricity.  By  placing  it  at  ten  or  twelve  inches 
from  the  conductor  the  light  may  he  feen  pervading  its  infide,and 
as  drong  a charge  may  lbmetimes  be  procured  as  if  it  were  in 
contact  with  the  conductor:,  nor  does  it  fignify  how  narrow  the 
bore  of  the  glafs  may  be ; for  even  a thermometer  tube,  having 
the  minuted:  perforation  poflible,  will  charge  with  the  utrnod 
facility ; and  in  this  experiment  the  phenomena  are  peculiarly 
beautiful. 

Let  one  end  of  a thermometer  tube  be  fealed  hermetically. 
Let  the  other  end  be  cemented  into  a brafs  cap  with  a valve, 
or  into  a brafs  cock,  fo  that  it  may  be  fitted  to  the  plate  of  an 
air-pump.  When  it  is  exhauded,  let  the  fealed  end  be  applied 
to  the  conductor  of  an  electrical  machine,  while  the  other  end 
is  either  held  in  the  hand  or  connected  to  the  floor.  Upon  the 
flighted  excitation  the  eleCtric  fluid  will  accumulate  at  the  fealed 
end,  and  be  difcharged  through  the  infide  in  the  form  of  a 
fpark,  and  this  Accumulation  and  difcharge  may  be  inceflantly 
Repeated  till  the  tube  is  broken.  By  this  means  I have  had  a 
fpark  42  inches  long,  and,  had  I been  provided  with  a proper  tube, 

I do  not  doubt  but  that  I might  have  had  a fpark  of  four  times 
that  length.  If,  indead  of  the  fealed  end,  a bulb  tje  blown  at  that 
extremity  of  the  tube,  the  eleCtric  light  will  fill  the  whole  of 
that  bulb,  and  then  pafs  through  the  tube  in  the  form  of  a 
brilliant,  fpark,  as  in  the  foregoing  experiment  but  in  this  cafe 
1 have  feldom  been  able  to  repeat  the  trials  above  three  or  four 
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times  before  the  charge  has  made  a fmall  perforation  in  the 
bulb.  If  again  a thermometer  filled  with  mercury  be  inverted 
into  a ciftern,  and  the  air  exhaufted  in  the  manner  I have  de- 
ferred for  making  the  experiment  with  the  gage,  a Torricellian 
vacuum  will  be  produced ; and  now  the  eleftric  light  in  the 
bulb,  as  well  as  the  fpark  in  the  tube,  will  be  of  a vivid  green; 
but  the  bulb  will  not  bear  a frequent  repetition  of  charges  be- 
fore it  is  perforated  in  like  manner  as  when  it  has  been  ex- 
haufted by  an  air-pump.  It  can  hardly  be  neceflary  to  obferve, 
that  in  thefe  cafes  the  ele&ric  fluid  affumes  the  appearance  of  a 
fpark  *,  from  the  narrownefs  of  the  paflage  through  which  it 
forces  its  way.  If  a tube,,  40  inches  long,  be  fixed  into  a globe 
8 or  9 inches  in  diameter,  and  the  whole  be  exhaufted,  the  ele&ric 
fluid,  after  paffing  in  the  form  of  a brilliant  fpark  throughout 
the  length  of  the  tube,  will,  when  it  gets  into  the  infide  of  the 
globe,  expand  itfelf  in  all  directions,  entirely  filling  it  with  a 
violet  and  purple  light,  and  exhibiting  a linking  inflance  of  the 
vaft  elafticity  of  the  ele&ric  fluid. 

♦ 

I cannot  conclude  this  paper  without  acknowledging  my  obli- 
gations to  the  ingenious  Mr.  Brook,  of  Norwich,  who,  by  com- 
municating to  me  his  method  of  boiling  mercury,  has  been  the 
chief  caufie  of  my  fuccefs  In  thefe  experiments  fir.  I have  lately 

learned 

* By  cementing  the  firing  of  a guittar  into  one  end  of  a thermometer  tube,  a 
fpark  may  be  obtained  as  well  as  if  the  tube  had  been  fealed  hermetically. 

f Mr.  Brook’s  method  of  making  mercurial  gages  is  nearly  as  follows.  Let  a 
glafs  tube'  L (fee  fig.  2.)>  fealed  hermetically  at  one  end,  be  bent  into  a right.- 
angle  within  two  or  three  inches  of  the  other  end.  At  the  diflance  of  about  an  inch 
or  lefs  from  the  angle  let  a bulb  (K),  of  about  | of  an  inch  in  diameter,  be  blown 

in  the  curved  end,  and  Let  the  remainder  of  this  part  of  the  tube  be  drawn  out  (I)' 
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learned  from  him,  that  he  has  alfo  afcertamed  the  non-condu£ting 
power  of  a perfect  vacuum  ; but  what  fteps  he  took  for  that  pur- 
pofe  I know  not.  Of  his  accuracy,  however,  I am  fo  well  con- 
vinced, that  hadlnever  made  an  experiment  myfelf,!  (hould,upon 
his  teftimony  alone,  have  been  equally  allured  of  the  fad.  To 
mofr  of  the  preceding  experiments  Dr.  Price,  Mr.  I^ane,  and 
lome  others  of  my  triends,  have  been  eye-witneffes,  and  I be- 
lieve that  they  were  as  thoroughly  latisfied  as  myfelf  with  the 
refults  of  them.  I mult  beg  leave  to  obferveto  thofe  who  with 
to  repeat  them,  that  the  firft  experiment  requires  fome  nicety, 
and  no  inconfiderable  degree  of  labour  and  patience.  I have 
boiled  many  gages  for  feveral  hours  together  without  fuccefs, 

fo  as  to  be  fufficiently  long  to  take  hold  of,  when  the  mercury  is  boiling.  The 
bulb  (K)  is  defigned  as  a receptacle  for  the  mercury,  to  prevent  its  boiling  over, 
and  the  bent  figure  of  the  tube  is  adapted  for  its  inverfion  into  the  ciftern  ; for  by 
breaking  off  the  tube  at  (M)  within  f or  | of  an  inch  of  the  angle,  the  open 
end  of  the  gage  may  be  held  perpendicular  to  the  horizon  when  it  is  dipped  into 
the  mercury  in  the  ciftern,  without  obliging  us  to  bring  our  finger,  or  any  other 
fubftance,  into  contaft  with  the  mercury  in  the  gage,  which  never  fails  to  render  the 
inftrument  imperfect.  It  is  neceflary  to  obferve,  that  if  the  tube  be  fourteen 
or  fifteen  inches  long,  I have  never  been  able  to  boil  it  effedually  for  the  experi- 
ments mentioned  in  this  paper  in  lefs  than  three  or  four  hours,  although  Mr. 
Brook  feems  to  prefcribe  a much  ftiorter  time  for  the  purpofe ; nor  will  it  even 
then  fucceed,  unlefs  the  greateft  attention  be  paid  that  no  bubbles  of  air  lurk 
behind,  which  to  my  own  mortifieation  I have  frequently  found  to  have  been  the 
cafe  j but  expel  ience  has  at  length  taught  me  to  guard  pretty  well  againft  this 
difappointment,  particularly  by  taking  care  that  the  tube  be  completely  dry  before 
the  mercury  is  put  into  it ; for  if  this  caution  be  not  observed,  the  inftrument  can 
never  be  madeperfetf.  There  is,  however,  one  evil  which  I have  not  yet  been  able  to 
remedy  j and  that  is,  the  introduction  of  air  into  the  gage,  owing  to  the  unboiled 
mercury  in  the  ciftern  ; for  when  the  gage  has  been  a few  times  exhaufted,  the  mer- 
cury which  originally  filled  it  becomes  mixed  with  that  into  which  it  is  inverted,  and 
m confequence  the  vacuum  is  rendered  ids  and  lefs  perfeft,  till  at  laft  the  inftru- 
ment  is  entirely  fpoiled.  I have  juft  conftrudted  a gage  fo  as  to  be  able  to  boil  the 
mercury  in  the  ciftem,  but  haye  not  yet  afcertained  its  fuccefs0 
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and  was  for  fome  time  di fooled  to  believre  the  contrary  of  what 
1 am  now  convinced  to  be  the  truth.  Indeed,  if  we  reafou 
a priori , I think  we  can'll ot  fuppofe  a per  fed  vacuum  to  be  a 
perfect  conductor  without  fuppofing  an  abfurdity:  for  if  this 
were  the  cafe,  either  our  atmofphere  niiift  have  long  ago  been 
deprived  of  all  its  eledric  fluid  by  being  every  where  lur- 
rounded  by  a boundlefs  condudor,  or  this  fluid  mud  pervade 
every  part  of  infinite  fpace,  and  confequently  there  can  be  no 
fuch  thing  as  a perfect  vacuum  in  the  univerfe.  If,  on  the 
contrary,  the  truth  of  the  preceding  experiments  be  admitted, 
it  will  follow,  that  the  conducting  power  of  our  atmofphere  in- 
creafes  only  to  a certain  height,  beyond  which  this  power  be- 
gins to  diminiffi,  till  at  laft  it  entirely  vaniffies ; but  in  what 
part  of  the  upper  regions  of  the  air  thefe  limits  are  placed,  I 
will  not  prefume  to  determine.  It  would  not,  perhaps,  have 
been  difficult  to  have  applied  the  refults  of  fome  of  thefe  ex- 
periments to  the  explanation  of  meteors,  which  are  probably 
owing  to  an  accumulation  of  eledricity.  It  is  not,  however, 
my  prefent  defign  to  give  loofe  to  my  imagination.  I am  fen- 
fible,  that  by  indulging  it  too  freely,  much  harm  is  done  to 
real  knowledge ; and  therefore,  that  one  fad  in  philofophy  well 
afcertained  is  more  to  be  valued  than  whole  volumes  of  fpecu- 
lative  hypothefes. 

♦ - V - -m  — *•-  * 

Chatham-Place,  Feb.  12,  1785, 
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XV . Experiments  and  Obfervatlons  relating  to  Air  and  Water . 
By  the  Rev.  Jofeph  Prieftley,  LL.D.  F.R.S . 

Read  February  24,  1785. 

EVER  fince  the  difcovery  of  the  diminution  of  refpirable 
air  in  thofe  procefles  which  are  generally  called  phloglflic , 
it  has  been  a great  objedt  with  philofophers  to  find  what  be- 
comes of  the  air  which  difappears  in  them.  Among  others,  I 
have  made  and  publifhed  a variety  of  experiments  with  that 
view;  but  though  by  this  means  fome  farther  progrefs  was 
made  in  the  philofophy  of  air,  and  confequently  our  know- 
ledge of  the  principles,  or  conftituent  parts,  of  natural  fub- 
ftances  was  extended,  I did  not  by  any  means  fucceed  to  my 
fatisfadlion  with  refpedt  to  the  immediate  objedt  of  my  re- 
fearches.  Others,  however,  were  mpre  fuccefsful,  and  their 
fuccefs  has  at  length  enabled  me  to  refume  my  experiments 
with  more  advantage  ; by  which  means  I have  been  led  both  to 
confirm  their  conclufions,  and,  by  diverfifying  the  expert-, 
ments,  to  throw  confiderable  light  upon  various  other  chemical 
procefles.  The  refult  of  thefe  obfervations  I fhall  lay  before 
the  Society,  with  as  much  brevity  and  diftindtnefs  as  I can. 

In  the  experiments  of  which  I fhall  now  give  an  account, 

I was  principally  guided  by  a view  to  the  opinions  which  have 
lately  been  advanced  by  Mr.  Cavendish,  Mr.  Watt,  and 
M.  Lavoisier.  Mr.  Cavendish  was  of  opinion,  that  when 
air  is  decompofed,  water  only  is  produced;  and  Mr.  Watt 

concluded  ; 
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concluded  from  fome  experiments,  of  which  I gave  an  account 
to  the  Society,  and  alio  from  fome  obfervations  of  his  own, 
that  water  confifts  of  dephlogifticated  and  inflammable  air, 
in  which  Mr.  Cavendish  and  M.  Lavoisier  concur  with 
him;  but  Mr.  Lavoisier  is  well  known  to  maintain,  that 
there  is  no  fuch  thing  as  what  has  been  called  phlogijlon , affirm- 
ing inflammable  air  to  be  nothing  elfe  but  one  of  the  elements 
or  conftituent  parts  of  water.  In  the  following  experiments  I 
alfo  had  a particular  view  to  a conclufion  which  I had  drawn 
from  thofe  experiments,  of  which  an  account  is  given  in  my 
laid  communications  to  the  Royal  Society ; viz.  that  inflam- 
mable air  is  pure  phlogiflon  in  the  form  of  air,  at  leaf!  with 
the  element  of  heat ; and  that  fixed  air  confifls  of  dephlogifli- 
cated  and  inflammable  air ; both  which  doflrines  had  been  firft 
advanced  by  Mr.  Kirwan,  before  I had  made  the  experiments 
which  I then  thought  clearly  proved  them. 

Such  were  the  hypothefes  to  which  I had  a view  when  I 
began  the  following  courfe  of  . experiments,  which  I hope  will 
be  an  admonition  to  myfelf,  as  well  as  to  others,  to  adhere  as 
ngoroufly  as  poffible  to  actual  obfervations , and  to  be  extremely 
careful  not  to  overlook  any  circumftance  that  may  poffibly  con- 
tribute to  any  particular  refult.  I fhall  have  occafion  to  notice 
my  own  miflakes  with  refpeff  to  conclufons , though  all  the 
fads  were  flridUy  as  I have  reprefented  them.  But  whilft  phi- 
lofophers  are  faithful  narrators  of  what  they  obferve,  no  perfon 
can  juflly  complain  of  being  milled  by  them ; for  to  reafon 
from  the  faffs  with  which  they  are  fupplied  is  no  more  the 
province  of  the  perfon  who  difcovers  them,  than  of  him  to 
whom  they  are  dilcovered. 

One  of  the  moll  Ample  of  all  phlogiflic  procefles  is  that  in 

which  metals  are  ignited  in  dephlogifticated  air.  I therefore 

began 
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began  with  this,  with  a view  to  afcertain  whether  any  water 
is  produced  when  the  air  is  made  to  difappear  in  it.  Accord- 
ingly, into  a glafs  veil'd  containing  7 ounce  meafures  of  pretty- 
pure  dephlogifticated  air,  I introduced  a quantity  of  iron  turn- 
ings (which  is  iron  in  fmall  thin  pieces,  exceedingly  conve- 
nient for  thefe  and  many  other  experiments)  having  previouily 
made  them,  together  with  the  vefiel,  the  air,  and  the  mercury 
by  which  it  was  confined,  as  dry  as  I poffibly  could  Alfo,  to 
prevent  the  air  from  imbibing  any  moifture,  I received  it  imme- 
diately in  the  vefifel  in  which  the  experiment  was  made,  from 
the  procefs  of  procuring  it  from  red  precipitate;  fo  that  it  had 
never  been  in  contadf  with  any  water. 

I then  fired  the  iron,  by  means  of  a burning  lens,  and  pre- 
fently  reduced  the  7 ounce  meafures  of  air  to  .65  ; but  I found  no 
more  water  after  this  procefs  than  I imagined  it  had  not  been 
poffible  for  me  to  exclude,  as  it  bore  no  proportion  to  the  air 
which  had  difappeared.  Examining  the  refiduum  of  the  air,  I 
found  one-fifth  of  it  to  be  fixed  air,  and  when  I tried  the  purity 
of  that  which  remained  by  the  teff  of  nitrous  air,  it  did  not 
appear  that  any  phlogifHcated  air  had  been  produced  in  the  pro- 
cefs : for  though  it  was  more  impure  than  I fuppofe  the  air 
with  which  I began  the  experiment  muff  have  been,  it  was  not 
more  fo  than  the  phlogifHcated  air  of  the  7 ounce  meafures, 
which  had  not  been  affedted  by  the  procefs,  and  which  muff 
have  been  contained  in  the  refiduum,  would  neceffarily  make 
it.  In  this  cafe  one  meafure  of  this  refiduum  and  two  of  ni- 
trous air  occupied  the  fpace  of  .32. 

In  another  experiment  of  this  kind,  ten  ounce  meafures  of 
dephlogifticated  air  were  reduced  to  .8,  and  by  wafhing  in  lime 
water  to  ..,8.  In  another  experiment,  in  which  7I  ounce  mea- 
fures of  dephlogifticated  air  were  reduced  to  half  an  ounce 
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meafure,  of  which  one-fifth  was  fixed  air,  the  refiduum  was- 
quite  as  pure  as  the  air  with  which  I began  the  experiment,  the 
teft  with  nitrous-  air,  in  the  proportions  above-mentioned, 
giving  .4  in  both  cafes.  To  what  circumffance  the.  difference 
might  be  owing  I cannot  tell. 

In  theie  experiments  the  fixed  air  muff,  I prefume,  have  beem 
formed  by  the  union  of  the  phlogifton  from  the  iron  and  the 
dephlogifticated  air  in,  which  it  was  ignited  ; but-  the  quantity 
of  it  was  very  fmall  in  proportion  to  the  air  which  had  difap- 
peared,  and  at  that  time  Lhadno  fufpicion  that  the  iron,  which, 
liad  been  melted,  and-  gathered  into,  round  balls,  could  have 
imbibed  it  ; a.  melting  heat  having  been  fufficient,  as  I had 
imagined,,  to  expel  everything  that  was  capable  of  affuming 
the  form -of  air  from- any,  fubflance  whatever;  I was. therefore 
intirely  at; a lofs  about  what  muff  have  become  of.  the  air. 

Seiifiblsj  however,  that  fuch,  a,  quantity  of  air  muff  have 
been  imbibed  by  fomeihing  to  which  it  muff;  have  given  a very, 
perceivable  addMon  of  weight,  and  feeing  nothing  el-fe  that 
could  have  imbibed;  ip,  it  occurred  to  me  to  weigh  the  calx  into 
which , the  iron  had 'been  reduced  and  .1*  prefently  found,  that 
the  deph iogifficated  air  had  actually  be^n  imbibed  by  the  melted ; 
iron,  in  the  fame  manner  as  inflammable  air,  in,  my  former 
experiments,  had  been  imbibed  by  the  melted  calces  of  metals, 
however  impoffible  1 uch  an  abforption  might  have  appeared  to 
me  a priori.  In  the  firff  - inffance,.  about  twelve  ounce  mea- 
fures  of  dephlogifficated  air  had  difappeared,  and  the  iron  had 
gained  -fix  grains  in  . weight;  Repeating  the  experiment  very 
frequently,  I always  found,  that  other  quantities  of  iron, 
treated  in  . the  fame  manner,  gained  fimilar  additions  of  weight,  , 
which  was  always  very  nearly  that  of.  the  air  which  had.  dif- 
app  eared. 
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This  calx  of  iron,  I then  concluded,  was  by  no  means  what 
I had  before  taken  it  to  be,  viz.  a pure  calx  or  flag,  but  either 
the  calx,  or  the  iron  itfelf,  iatu  rated  with  pure  air.  This  cal- 
eiform  fubftance  1 found,  by  various  experiments,  to  be  the 
fame  thing  with  the  fcales  that  fly  from  iron  when  it  is  made 
■red-hot,  or  the  fubftance  into  which  at  runs  in  a very  intenfe 
heat,  in  an  open  lire. 

Concluding  from  the  preceding  experiment,  that  iron,  fuffi- 
ciently  heated,  was -capable  of  faturating  itfelf  with  pure  air, 
extracted  from  the  mats  of  the  atmofphere,  I then  proceeded  to 
-paelt  it  with  the  heat  of  a burning  lens  in  the  open  air  ; and  I 
prcfently  found,  that  perfect  iron  was  eaftly  fu fed  in  this  way, 
and  continued  in  this  fufton  a certain  time,  exhibiting  the  ap- 
pearance of  boiling  or  throwing  out  air,  whereas  it  was  on  the 
contrary  imbibing  air;  and  when  it  was  faturated  the  fufton 
ceafed,  -and  the  heat  of  my  lens  could  not  make  any  farther 
qmpreftion  upon  it.  When  this  was  the  cafe,  I always  found 
that  it  had  gained  weight  in  the  proportion  of  pf  to  24,  which 
ds  very  nearly  one-third  of  its  -original  weight.  The  fame  was 
■the  effect  when  I melted  fleet  in  the  fame  circumftances,  and 
alfo  every  kind  of  iron  on  which  -the  experiment  could  be  tried. 
But  I have  feme  reafon  to  think,  that  with  a greater  degree  of 
heat  than  1 could  apply,  the  iron  might  have  been  kept  in  a 
ftate  of  fufion  fomewhat  longer,  and  by  that  means  have  im- 
bibed more  air,  even  more  than  one-third  of  its  original 
weight. 

There  was  a peculiar  circumftance  attending  the  melting  of 
rcajl  iron  with  a burning  lens,  which  made  it  impoftible  to  afcer- 
tain  the  addition  that  was  made  to  its  weight,  and  at  the  fame 
time  afforded  an  amazing  fpeftacle ; for  the  moment  that  any 
quantity  of  it  was  melted,  and  gathered  into  a -round  ball,  it  began 
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to  difperfe  in  a thoufand  directions,  exhibiting  the  appearance  of 
n moil  beautiful  fire-work,  fome  of  the  particles  dying  to  the 
diflance  of  half  a yard  from,  the  place  of  fufion  ; and  the  whole 
was  attended  with  a confiderable  hiding  noife.  Some  of  the 
largeft  pieces  which  had  been  difperfed  in  this  manner  1 was 
able  to  collect,  and  having  iubjedted  them  to  the  heat  of  the 
lens,  they  exhibited  the  fame  appearance  as  the  larger  mafs  from 
which  they  had  been  fcattered. 

When  I melted  this  caft  iron  in  the  bottom  of  a deep  glafs 
receiver*  in  order  to  collect  all  the  particles  that  were  dilperfed, 
they  firmly  adhered  to  the  glafs,  melting  it  fuperficially, 
though  without  making  it  crack,  fo  that  it  was  ftili  impoffible 
to  collect  and  weigh  the  particles,  However,  I generally 
found  that,  notwithftanding  the  copious  difperfion,  what  re- 
mained after  the  experiment  rather  exceeded  than  fell  fhort  of 
the  original  weight  of  the  irpn.  Sometimes  a piece  of  com- 
mon iron,  and  efpecially  fieel,  would  make  a little  hiding  in 
the  fufion,  and  a particle  or  two  would  fiy  off ; but  this  was 
never  confiderable  *. 

Having  now  procured  what  I thought  to  be  a new  calx  of 
iron,  or  a calx  faturated  with  pure  air,  1 endeavoured  to  revive 
it  by  making  it  imbibe  inflammable  air,  in  the  fame  manner 
that  I had  before  made  iron,  and  various  other  metals,  by  melt- 
ing them  in  a veffel  containing  inflammable  air.  In  this  I fuc- 
ceeded ; but  in  the  courfe  of  the  experiment  a new  and  very 
unexpected  appearance  occurred.  I took  a piece  of  iron  which 
I had  faturated  with  pure  air,  and  putting  it  into  a glafs  vefl’el 

* On  being  informed  of  the  above-mentioned  phenomena,  Mr.  Watt  con- 
cluded, that  the  bails  of  the  dephlogifticated  air  united  to  the  phlogilton  of  the  iron, 
and  formed  water,  which  was  attracted  by,  and  remained  fo  firmly  united  to  the 
calx  of  iron,  as  to  refill  the  effects  of  heat  to  feparate  them. 
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containing  inflammable  air,  confined  by  water,  threw  upon  it 
the  focus  of  the  lens,  and  prefently  perceived  the  inflammable 
air  to  disappear,  and  without  thinking  of  any  thing  efcaping 
from,  the  calx  of  iron  (which  had  been  fubje&ed  to  a greater 
heat  before)  I imagined  that  I fhould  have  found  the  addition  of 
the  weight  of  air  in  the  iron,  and  the  refult  might  be  an  iron 
different  from  the  common  fort.  But  I found,  to  my  furprife, 
that  the  iron,  which  had  exhibited  no  new  appearance  in  this 
mode  of  treatment,  had  loft  weight,  inftead  of  gaining  any. 
The  piece  of  iron  on  which  I made  this  firft  experiment  weighed 
ii|  grains,  and  y§  ounce  meafures  of  inflammable  air  had  dis- 
appeared while  the  iron  had  loft  2f  grains. 

Confidering  the  quantity  of  inflammable  air  that  had  difap- 
peared,  viz.  y § ounce  meafures,  and  the  dephlogifticated  air 
which  had  been  expelled  from  the  iron,  viz.  2§  grains,  which 
is  equal  to  about  4.1  ounce  meafures,  I found  that  they  were 
very  nearly  in  the  proper  proportion  to  fat;urate  each  other, 
when  decompofed  by  the  electrical  fpark,  viz.  two  meafures  of 
inflammable  air  to  one  of  dephlogifticated  air.  I therefore  had 
now  no  doubt  but  that  the  two  kinds  of  air  had  united,  and 
had  formed  either  fixed  air  or  water  ; but  which  it  was  I could 
not  tell,  having  had  water  on  the  receiver  in  which  the  experi- 
ment was  made,  and  having  negleCted  to  examine  the  ffate  of 
the  air  that  remained,  except  in  a general  way,  by  which  I 
found,  that  it  was  ftill,  to  appearance,  as  inflammable  as  ever. 

With  a view  to  determine  whether  fixed  air , or  water , would 
be  the  produce  of  this  mode  of  combining  inflammable  and 
dephlogifticated  air,  I repeated  the  experiment  in  a veflel  in 
which  the  inflammable  air  was  confined  by  mercury,  and  both 
the  veflel  and  the  mercury  had  been  previoufiy  made  as  dry  as 
poflible.  I had  no  fooner  begun  to  heat  the  iron,  or  rather fiag, 
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in  thefe  circumftances.  than  I perceived  the  air  to  diminifh,  and 
at  the  fame  time  the  infide  of  the  veffel  to  grow  very  cloudy,- 
with  particles  of  dew,  that  covered  a 1 mo  ft  the  whole  of  it. 
'Thefe  particles  by  degrees  gathered  into  drops,  and  ran  down  the 
'tides  of  the  veiled  in  all  places,  except  where  it  was  heated  by 
the  fun-beams  ; fo  that  it  then  appeared  to  me  very  evident, 
•that  water,  with  or  without  fixed  air,  was  the  produce  of  the 
-inflammable  air,  and  the  pure  air  let  loofe  from  the  iron  in  this 
mode  of  operation  ; though  afterwards  I was  taught  by  Mr. 
Watt  to  correct  this  hypothefis,  and  to  account  for  this  refuJt 
in  a different  manner.  When  I had  examined  the  remaining 
air,  it  was  as  inflammable  as  ever,  without  containing  any 
mixture  of  fixed  air  at  all. 

When  I collected  the  water  which  was  produced  in  this  ex- 
periment by  means  of  a piece  of  filtering  paper,  carefully  in- 
troduced to  abforb  it,  I found  it  to  be,  as  nearly  as  pofiible,  of 
the  fame  weight  with  that  which  had  been  loft  by  the  iron : 
and  alfo,  in  every  experiment  of  this  kind,  in  which  I attended 
to  this  circumftance,  I found  that  the  quantity  of  inflammable 
air  which  had  difappeared  was  about  double  to  ’.that  of  the  de- 
phlogifticated  air  fet  loofe  from  the  iron,  ftippofing  that  weight 
to  have  been  reduced  into  air.  Thus  at  one  time  I. made  a piece 
of  this  flag  imbibe  5I  ounce  meafures  of  inflammable  air,  while 
it  loft  as  much  as  the  weight  of  about  3 ounce, meafures  of  de» 
phlogifticated  air,  and  the  water  nolledted  weighed  2 grains. 
Another  time  a apiece  t of  flag  doft  1.5  grains,  and  the  water 
produced  was  ,1.7  grains.;  but  perfect  accuracy  is  not  to  be  ex- 
pected. -I  tfliail  only  mention  one  more  experiment  of  this 
•kind,  in  which  6\  ounce  meafures  of  inflammable  air  were 
reduced  to  .92  ounce  meafure,  and  the  iron  had  loft  2 grains, 
equal  in  weight  to  3.3  ounce  meafures  of  dephlogifticated  air. 
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In  all  the  above-mentioned  experiments,  the  inflammable  air 
was  that  which  is  produced  by  the  foliation  of  iron  in  acids. 

As  before  I had  finilhed  this  courie  of  experiments  I hacP 
fatisfied  myfelf  that  inflammable  air  always  contains  a portion-’ 
of  water,  and  alfo,  that  when  it  has  been  lome  time  confined 
by  water,  it  imbibes  more,  le  as  to  be  increafed  in.  its  fpecific 
gravity  by  that  means,  I repeated  the  experiment  with  inflam- 
mable air  which  had  not  been  confined  by  water,  but  which  was 
received  in.  a veflel  of  dry  mercury  from  the  veffel  in  - which  it 
was  generated  ; but  I prefently  perceived'  that  water  was  pro- 
duced iir  this  cafe,  alfo*  andvto  appearance  a$.  copioufly  as  in  the 
former  experiment.  Indeed,,  the  quantity  of  water  produced, 
which  fo  greatly  exceeded  the  weight  of  all  the  inflammable 
air,  is  fuffioient  to  prove  that  it  muff  have  had  fome  other 
fource  than  any  eonddtuent  part  of ‘that  air,  or  the  whole  of  it,, 
together  with . the  water  contained  in  it,  without  taking  inter- 
confideration  the  corresponding,  lofs-  ofi  weight  in  the  iron.- 

I muft  here  obferve,  that  the  iron  flag  whicHd  liad  treated  in  - 
this  manner,,  and  which:  had  thereby  lofl:  the  weigh t?whicho 
it-: had  acquired  by  melting,  in  dephlogiflicated  air*  became  per - 
feci  iron  as  at  firfr,  and  was  then  capable-  of  being  melted  by 
the  burning  lens  again  ; fo  that  the  fame  piece  mf  iron  would 
ferve  for  thefe  experiments  ns  long  as  the  operator  dhould  chufe. 
It  was  evident;  therefore,  that  if  the  iron  had -lofl:  its  phle- 
gm011 in  the  preceding  fufion,  it  had  acquired  it  again  from  the 
inflammable  air  which  it  had  abforbed  ; and  I do  not  foe  how  the 
experiment  can  be  accounted  for  m any# other  way,  which  ne- 
cefiarily  implies  th.e  reality  of  phlogifton  as  a conflituent  prin- 
ciple in  bodies.  This,  at  lead:, . is  the>  mod:  natural  way  of 
accounting  for  the  appearances, 
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Having  had  this  fuccefs  with  the  calx,  or  fcales  of  iron,  I 
tried  the  calx  of  copper , or  thofe  fcales  which  fly  from  it  when 
it  is  made  red-hot ; and  I found  water  produced  in  the  inflam- 
mable air  in  the  fame  manner  as  when  I ufed  the  fcales  of  iron 
in  the  fame  circumftances.  I alfo  had  the  fame  refult  when  I 
revived  precipitate  per  fe  in  inflammable  air;  but  having  at  that 
time  a very  weak  winter’s  fun,  I could  not  make  the  experi- 
ment with  fo  much  advantage  as  I could  have  wifhed. 

Iron,  I found,  acquired  this  additional  weight  by  melting 
in  an  earthen  retort,  as  well  as  in  the  open  air  by  the  fun- 
beams,  if  it  were  poffible  for  it  to  attract  air,  or  whatever  elfe 
it  is  that  is  the  immediate  caufe  of  its  additional  weight. 
Three  ounces  of  common  iron  filings,  expofed  to  a ftrong  heat 
In  an  earthen  retort,  gained  1 1 dwts,  or  264  grains,  and  yet 
was  very  far  from  having  been  completely  fufed.  Having  a 
glafs  tube  communicating  with  the  retort,  in  order  to  colled!: 
any  air  that  the  iron  filings  might  give  out,  I found  that  when 
they  were  very  hot,  the  water  afcended  within  the  tube  ; which 
fhews  that  the  iron  was  then  in  a fate  of  abforbing,  and  not 
of  giving  out  any  air. 

Seeing  fo  much  water  produced  in  thefe  experiments  with 
Inflammable  air,  I was  particularly  led  to  refledt  on  the  relation 
which  they  bore  to  each  other,  and  efpecially  to  Mr.  Caven- 
dish’s ideas  on  the  fubjedt.  He  had  told  me  that,  notwitlv* 
fanding  the  experiments  of  which  I had  given  an  account  to 
the  Royal  Society,  and  from  which  I had  concluded  that  in- 
flammable air  was  pure  pjilogiflon,  he  was  perfuaded  that  water 
was  erfential  to  the  production  of  it,  and  even  entered  into  it 
as  a conflituent  principle.  At  that  time  I did  not  perceive  the 
force  of  the  arguments  which  he  fated  to  me,  efpecially  as,  in 
the  experiments  with  charcoal,  I totally  difperfed  any  quantity 
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-of  it  vwith  a burning  lens  in  vacuo,  and  thereby  filled  mj 
receiver  with  nothing  but  inflammable  air.  I had  no  fufpicion 
that  the  wet  leather  on  which  my  receiver  flood  could  have 
any  influence  in  the  cafe,  while  the  piece  of  charcoal  was  fub~ 
jeCt  to  the  intenfe  heat  of  the  lens,  and  placed  feveral  inches 
above  the  leather.  I had  alfo  procured  inflammable  air  from 
charcoal  in  a glazed  earthen  retort  two  whole  days  fucceffively, 
in  which  it  had  given  inflammable  air  without  intermiffion. 
Alfo  iron  filings  in  a gun-barrel,  and  a gun-barrel  itfelf,  had 
always  given  inflammable  air  whenever  I tried  the  experiment. 

Thefe  circumdances,  however,  deceived  me,  and  perhaps 
would  have  deceived  any  other  perfon  ; for  I did  not  know, 
and  could  not  have  believed,  the  powerful  attraction  that  char- 
coal, or  iron , appear  to  have  for  water  when  they  are  intenfely 
hot.  They  will  find,  and  attract  it,  in  the  midd  of  the  hotted: 
fire,  and  through  any  pores  that  may  be  left  open  in  a retort ; 
and  iron  filings  are  feldom  fo  dry  as  not  to  have  moidure 
enough  adhering  to  them,  capable  of  enabling  them  to  give  a 
confiderable  quantity  of  inflammable  air.  But  my  attention 
being  now  fully  awake  to  the  fubjeCt,  I prefently  found  that 
the  circumdances  above-mentioned  had  actually  milled  me;  I 
mean  with  refpeCt  to  the  conchtfion  which  I drew  from  the  expe- 
riments, and  not  with  refpeCt  to  the  experiments  themfelves, 
every  one  of  which,  I doubt  not,  will  be  found  to  anfwer, 
whenever  they  are  tried  by  perfons  of  fufficient  (kill  and  pro- 
perly attentive  to  all  the  circumftances. 

Being  thus  apprifed  of  the  influence  of  unperceived  moifture 
In  the  production  of  inflammable  air,  and  willing  to  afcertain  it 
to  my  perfeCt  fatisfaCtion,  I began  with  filling  a gun-barrel  with 
iron  filings  in  their  common  date,  without  taking  any  parti- 
cular precaution  to  dry  them,  and  I found  that  they  gave  air  as 
Vol.  LXXVi  P p they 
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they  had  been  ufed  to  do,  arid  continued  to  do  fo  many  hours  % 
1 even  got  ten  ounce  meafures  of  inflammable  air  from  two 
ounces  of  iron  filings  in  a coated  glafs  retort.  At  length,  how- 
ever, the  production  of  inflammable  air  from  the  gun-barret 
ceafed ; but  on  putting  water  into  it,  the  air  was  produced 
again,  and  a few  repetitions  of  the  experiment  fully  fatisfied 
me  that  I had  been  too  precipitate  in  concluding  that  inflam- 
mable air  is  pure  phlogifton. 

1 then  repeated  the  experiment  with  the  charcoal,  making 
the  receiver,  the  Hand  on  which  I placed  the  charcoal,  and  the 
charcoal  itfelf,  as  dry  and  as  hot  as  poflible,  and  uflng  cement 
inflead  of  a wet  leather  to  exclude  the  air.  In  thefe  circum- 
ftances  I was  not  able,  with  the  advantage  of  a good  fun,  and 
an  excellent  burning  lens,  to  dfecompofe  quite  fo  much  as  two- 
grains  of  the  piece  of  charcoal',  which  gave  me  ten  ounce  mea- 
fures of  inflammable  air  ; and  this,  I imagine,  was  effected  by 
means  of  fo  much  moiflure  as  was  depofited  from  the  air  in  its 
flute  of  rarefaction,  and  before  it  could  be  drawn  from  the 
receiver.  To  the  production  of  this  kind  of  inflammable  air  I 
was  therefore  now  convinced,  that  water  is  as  neceffhry  as  to 
that  from  iron. 

It  was  in  this  ftate  of  my  experiments  that  I received  an,  au- 
thentic account  of  thole  of  M.  Lavojsier,  on  tranfmitting  water 
through  an  hot  iron  tube  and  alfo  through  a hot  copper  tube 
containing  charcoal,  and  thereby  procuring  large  quantities  of 
inflammable  air,  M.  Lavoisier  himfelf  having  been  fo  obliging 
as  to  fend  me  a copy  of  his  Memoir  on  that  fubjeCt.  I had 
heard  an  account  of  the  experiments  fome  months  before;  but 
it  was  fo  imperfeCt  a one,  that  I own  I paid  little  attention  to 
them.  At  this  time,  however,  I was  prepared  to  be  fufficientljr 
ienlible  of  their  value.. 
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til  my  laft  communications  to  the  Royal  Society,  it  will  be 
feen  that  I had  tranfraitted  the  vapour  of  feveral  fluid  fuh- 
fhances  through  red-hot  earthen  tubes , and  thereby  procured 
different  kinds  of  air.  M.  Lavoisier  adopted  the  fame  pro- 
cefs, but  ufed  an  iron  tube\  and  by  means  of  that  circumftan.ce 
made  a very  valuable  difeovery  which  had  efcaped  me.  I had 
indeed  on  one  occafion  made  ufe  of  an  iron  tube,  and  transmit- 
ted fteam  through  it ; but  not  having  at  that  time  any  view  to 
the  produdion  of  air,  I did  not  colled  it  at  all,  contenting 
myfelf  with  obferving  that  water , after  being  made  red-hot 
was  ftill  water,  there  being  no  change  in  its  fen  Able  properties. 
Being  now  farther  intruded  by  the  experiment  of  M.  La- 
voisier, I was  determined  to  repeat  the  procefs  with  all  the 
attention  I could  give  to  it;  but  1 fhould  not  have  done  this 
with  fo  much  advantage,  if  I had  not  had  the  affiftauce  of  Mr* 
Watt,  who  always  thought  that  M.  Lavoisier’s  experi- 
ments by  no  means  favoured  the  conclufion  that  he  drew  from 
them.  As  to  myfelf,  I was  a long  time  of  opinion  that  his 
conclufion  was  juft,  and  that  the  inflammable  air  was  really 
furniflied  by  the  water  being  decompofed  in  the  procefs.  But 
though  I continued  to  be  of  this  opinion  for  fome  time,  the 
frequent  repetition  of  the  experiments,  with  the  light  which 
Mr.  Watt’s  obfervations  threw  upon  them,  fatisfed  me  at 
length  that  the  inflammable  air  came  principally  from  the  char- 
coal, or  the  iron. 

I fhall  firft  relate  the  refult  of  the  experiment  that  was  made 
with  charcoal , and  then  thofe  with  iron  and  other  fubftances,  in 
contad  with  which  (when  they  were  in  a ftate  of  fufion,  or  at 
leaft  led-hot)  I made  fteam,  or  the  vapour  of  other  liquid  fub- 
ftances, to  pafs.  I fhall  only  obferve  that,  previous  to  this,  I 
began  to  make  the  experiments  with  coated  glafs  tubes,  which 
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1 found  to  anfwer  very  well  during  the  procefs,  though  they 
never  failed  to  break  in  cooling.  At  length  I procured  a tube 
of  copper , on  which,  as  M.  Lavoisier  difcovered,  fteam  had 
no  effed  ; and  at  laft  I made  ufe  of  earthen  tubes,  with  which 
Mr.  Wedge  wood,  that  mold  generous  promoter  of  fcience, 
liberally  fupplied  me  for  the  purpofe ; and  thefe  glazed  on  the 
outfide  only  1 find  far  preferable  to  copper.  They  are,  indeed, 
every  thing  that  I could  wilh  for  in  experiments  of  this  kind ; 
the  reafon  of  which  will  appear  in  my  account  of  another  courfe 
of  experiments,  which  I hope  to  lay  before  the  Society  in  due 
time. 

The  difpofition  of  the  apparatus,  with  which  thefe  experi- 
ments were  made,  was  as  follows.  The  water  was  made  to  boil 
in  a glafs  retort,  which  communicated  with  the  copper  or 
earthen  tube  which  contained  the  charcoal  or  iron,  &c.  and 
which,  being  placed  in  an  horizontal  pofition,  was  furrounded 
with  hot  coals.  The  end  of  this  tube  oppofite  to  the  retort 
communicated  with  the  pipe  of  a common  worm  tub , fuch  as 
is  generally  ufed  in  diilillations,  by  means  of  which  all  the 
fuperfluous  fleam  was  condenfed,  and  collected  in  a proper  re- 
ceptacle, while  the  air  which  had  been  produced,  and  had 
come  along  with  it  through  the  worm  tub,  was  tranfmitted 
into  a trough  of  water,  where  proper  vefiels  were  placed  to 
receive  it,  and  afeertain  the  quantity  of  it;  after  which  1 
could  examine  the  quality  of  it  at  leifure. 

In  the  experiment  with  charcoal , I found  unexpected  diffi- 
culties, and  confiderable  variations  in  the  refult ; the  proportion 
between  the  charcoal  and  water  expended,  and  alfo  between  e<tch 
ofthemand  the  air  produced,  not  being  fo  nearly  the  fame 
as  1 imagined  they  would  have  been.  Alfo  the  quantity  of 
fixed  air  that  was  mixed  with  the  inflammable  air  varied  very 
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much.  This  laft  circumflance,  however,  feme  of  my  experi- 
ments may  ferve  to  explain.  Whenever  I had  no  more  water 
than  was  fufficient  for  the  production  of  the  air,  there  was 
never  any  fenfible  quantity  of  uncombined  fixed  air  mixed  with 
the  inflammable  air  from  charcoal.  This  was  particularly  the 
cafe  when  I produced  the  air  by  means  of  a burning  lens  in  an 
exhaufled  receiver,  and  alfo  in  an  earthen  retort  with  the  appli- 
cation of  an  intenfe  heat.  I therefore  prefume,  that  when  the 
fleam  tranfmitted  through  the  hot  tube  containing  the  charcoal 
was  very  copious,  the  fixed  air  in  the  produce  was  greater  than 
it  would  otherwife  have  been.  The  extremes  that  I have  oh- 
ferved  in  the  proportion  of  the  fixed  to  the  inflammable  air  have 
been  from  one-twelfth  to  one-fifth  of  the  whole.  As  I gene- 
rally produced  this  air,  the  latter  was  the  ufual  proportion  ; and 
this  was  exclusive  of  the  fixed  air  that  was  intimately  combined 
with  the  inflammable  air,  and  which  could  not  be  feparated 
from  it  except  by  decompofition  with  dephlogiflicated  air ; and 
this  combined  fixed  air  I fometimes  found  to  be  one-third  of  the 
whole  mafs,  though  at  other  times  not  quite  fo  much. 

To  afeertain  this,  I mixed  one  meafure  of  this  inflammable, 
air  from  charcoal  (after  the  uncombined  fixed  air  had  been  fepa- 
rated from  it  by  lime-water)  with  one  meafure  of  dephlogiffi* 
cated  air,  and  then  fired  them  by  the  eledric  fpark.  After  this. 
I always  found  that  the  air  which  remained  made  lime-water; 
very  turbid,  and  the  proportion  in  which  it  was  now  dimi- 
nifhed,  by  walking  in  lime-water,  fhewed  the  quantity  of 
fixed  air  that  had  been  combined  with  the  inflammable.  That' 
the  fixed  air  is  not  generated  in  this  procefs,  is  evident  from 
there  being  no  fixed  air  found  after  theexplofion  of  dephlogifli- 
cated air  and  inflammable  air  from  iron. 
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Not  with  {landing  the  above-mentioned  variations,  the  lofs  of 
weight  in  the  charcoal  was  always  much  exceeded  by  the  weight 
of  the  water  expended,  which  was  generally  more  than  double 
of  the  charcoal;  and  this  water  was  intimately  combined  with 
the  air;  for  when  I received  a portion  of  it  in  mercury,  no 
water  was  ever  depofited  from  it. 

The  experiment  which,  upon  the  whole,  gave  me  the  mod: 
fatisfa&ion,  and  the  particulars  of  which  I {hall  therefore  re- 
cite, was  the  following.  Expending  94  grains  of  perfed 
charcoal  (by  which  I mean  charcoal  made  with  a vety  ffrong 
heat,  lo  as  to  expel  all  fixed  air  from  it)  and  240  grains  of 
water,  I procured  840  ounce  meafures  of  air,  one-fifth  of 
which  was  fixed  -air,  and  of  the  inflammable  part  nearly  one- 
third  more  appeared  to  be  fixed  air  by  decompofition. 

Receiving  this  kind  of  air  in  a variety  of  experiments,  but 
not  in  the  preceding  ones  in  particular  (for  then  I could  not 
have  afcertained  the  quantity  of  it)  confifling  of  fixed  and  in- 
flammable air  together,  I found  fome  variations  in  its  fpecific 
gravity,  owing,  I imagine,  to  the  different  proportions  of 
fixed  air  contained  in  it ; but  upon  the  whole,  I think,  that  the 
proportion  of  14  grains  to  40  ounce  meafures  is  pretty  near  the 
truth,  when  the  proportion  of  fixed  air  is  about  one-fifth  of  the 
whole.  With  refpe&  to  the  weight  of  the  inflammable  air  after 
the  fixed  air  was  feparated  from  it,  I found  no  great  difference, 
and  think  it  may  be  eftimated  at  8 grains  to  30  ounce  meafures. 

Upon  thefe  principles,  the  whole  weight  of  the  840  ounce 
meafures  of  air  will  be  - 294  grains 

that  of  the  charcoal  will  be  94 

that  of  the  water  - 240 

334  which,  confidering  the  na- 
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time  of  the  experiment,  will  perhaps  be  thought  to  be  tolerably 
near  that  of  the  air. 

If  the  air  be  analyzed,  the  840  ounce  meafures-  will  be 
found  to  contain  - 168  of  uncombined  fixed  air  = 151  grains, 
and  6 7 2.  i:m  p u re  i mfl a m m a ble  =179 

fo  that  the  whole  840  will  wreigh  - - 330 

Laflly,  if  the  672  ounce  meafures  of  impure  inflammable 
air  be  decompofed,  it  will  be  found  to  contain 

164  ounce  meafures  of  fixed  air=  147.6  grs„ 
and  508  inflammable  - = 30 .7 

fo  that  the  whole  672  will  weigh  - - 178.3^ 

which  is  very  near  to  179,  the  weight  of  the  whole  together. 

It  may,  however,  be  fafely  concluded  from  this  experiment* 
and  indeed  from  every  other  that  I made  with  charcoal,  that 
there  was  no  more  pure  inflammable  air  produced  than  the 
charcoal  itfelf  may  be  very  well  fuppofedto  have  fupplied. 

There  is,  therefore,  no  reafon  for  deferting  the  old  eflablifhed 
hypothefls  of  phlogiflon  on  account  of  thefe  experiments,  fince' 
.the  faff  is  by  no  means  inconfiffent  with  it.  The  pure  inflam- 
mable air  with  the  water  neceflarily  contained  in  it  would 
weigh  no  more  than  about  30  grains,  while  the  lofs  of  weight 
in  the  charcoal  was  94  grains.  But  to  this  mud  be  added  the 
phlogiflon  contained  in  392  ounce  meafures  of  fixed  air, 
which,  according  to  Mr.  Kirwan*s  proportion,  will  be  nearly 
65  grains,  and  this  and  the  30  grains  will  be  95  grains. 

The  bafls  to  this  fixed  air,  as  well  as  to  the  inflammable, 
muff  have  been  furnifhed  by  th q water  ; and  from  this  it  may 
be  concluded,  that  the  water  muff  have  been  fo  far  altered  as 
to  be  changed  into  fixed  air,  which  will  be  thought  not  to  be 
any  great  paradox,  if  it  be  confidered  that,  according  to  the 
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lateft  difcoveries,  fixed  air  and  water  appear  to  confift  of  the 
fame  ingredients,  namely  dephlogifticated  and  inflammable  air. 
However,  in  this  change  of  the  water  we  cannot  be  abfolutelv 
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lure  that  the  fame  proportion  of  the  ingredients  is  contained,  and 
therefore  it  cannot  be  abfolutely  determined  whether  the  inflam- 
mable air  which  it  contains  enters  wholly  into  the  fixed  air,  or 
not.  Farther  experiments,  or  a careful  comparifon  of  thefe  ex- 
periments with  thofe  made  by  Mr.  Kirwan  and  others,  may 
perhaps  throw  fome  light  upon  this  fubjedf.  Whether  the  com- 
bined fixed  air  comes  wholly  from  the  charcoal,  or  whether  the 
charcoal  only  fupplies  the  phlogifton,  and  the  water  its  balls, 
that  is,  the  dephlogifticated  air,  deferves  to  be  inveftigated. 

Before  I conclude  my  account  of  the  experiments  with  char- 
coal, I would  obferve,  that  there  is  another  in  which  I place 
fome  dependance,  in  which,  with  the  lofs  of  178  grains  of 
charcoal,  and  528  grains  of  water,  I procured  1410  ounce 
meafures  of  air,  of  which  the  laft  portion  (for  I did  not  exa- 
mine the  reft)  contained  one-fixth  part  of  uncombined  fixed 
air.  This  was  made  in  an  earthen  tube  glazed  on  the  outfide. 

The  experiments  with  iron  were  more  fatisfadfory  than  thofe 
with  charcoal,  being  fubjedt  to  lefs  variation ; and  it  is  ftill 
more  evident  from  them,  that  the  inflammable  air  does  not 
come  from  the  water , but  only  from  the  iron , as  the  quantity 
of  water  expended,  added  to  the  weight  of  the  air  produced, 
was  as  nearly  as  could  be  expedted  in  experiments  of  this  kind, 
found  in  the  addition  of  weight  gained  by  the  iron.  And 
though  the  inflammable  air  procured  in  this  procefs  is  between 
one-third  and  one-half  more  than  can  be  procured  from  iron  by 
a folution  in  acids,  the  reafon  may  be,  that  mtfch  phlogifton 
is  retained  in  the  folutions,  and  therefore  much  more  may  be 
expelled  from  iron,  when  pure  water,  without  any  acid,  takes 
the  place  of  it.  I would  further  obferve,  that  the  produce  of 
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air,  and  alfo  the  addition  of  weight  gained  by  the  iron,  are 
much  more  eafily  afcertained  in  thefe  experiments  than  the 
quantity  of  water  expended  in  them,  on  account  of  the  great 
length  of  the  veffels  ufed  in  the  procefs,  and  the  different  quan- 
tities that  may  perhaps  be  retained  in  the  worm  of  the  tub, 
though  I did  not  fail  to  ufe  all  the  precautions  that  I could  think 
of  to  guard  againA  any  variation  on  thefe  accounts. 

Of  the  many  experiments  which  I made  with  irony  I Aiall 
content  myfelf  with  reciting  the  following  refults.  With  the 
addition  of  267  grains  to  a quantity  of  iron,  and  the  lofs  of 
336  grains  of  water,  I procured  840  ounce  meafures  of  in- 
flammable air ; and  with  the  addition  of  140  grains  to  another 
quantity  of  iron,  and  the  confumption  of  25^  grains  of  water, 
I got  420  ounce  meafures  of  air  *. 

The  inflammable  air  produced  in  this  manner  is  of  the 
lighted:  kind,  and  free  from  that  very  offenjive  fmell  which  is 
generally  occafioned  by  the  rapid  folution  of  metals  in  oil  of 
vitriol,  and  it  is  extricated  in  as  little  time  in  this  way  as  it  is 
poffible  to  do  it  by  any  mode  of  folution.  On  this  account  it 
occurred  to  me,  that  it  muft  be  by  much  the  cheapefl  method 
that  has  yet  been  ufed  of  filling  balloons  with  the  lighteA  inflam- 
mable air.  For  this  purpofe  it  will  be  proper  to  make  ufe  of 
caA-iron  cylinders  of  a confiderable  length,  and  about  three  or 
four  inches,  or  perhaps  more,  in  diameter.  Though  the  iron 
tube  itfelf  will  contribute  to  the  produ&ion  of  air,  and  there- 
fore may  become  unfit  for  the  purpofe  in  time ; yet,  for  any 

* ^ the  perfect  accuracy  of  the  former  of  thefe  experiments  may  be  depended 
on  (and  it  may  always  be  prefumed,  that  thofe  in  which  little  water  is  expended 
are  preferable  to  thofe  in  which  more  is  confumed)  the  water  that  neceffarily  enters 
into  this  kind  of  inflammable  air  is  about  equal  in  weight  to  th t phlo'gifion  that  is 
in  it.  But  I propofe  to  give  more  particular  attention  to  this  fubjedt. 
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thing  that  I know  to  the  contrary,  the  fame  tube  may  ferve 
for  a very  great  number  of  precedes,  and  perhaps  the  change 
made  in  the  infide  furrace  may  protect  it  from  any  farther  action 
of  the  water,  if  the  tube  be  of  fuf&cient  thicknefs  ;s  but  this- 
can  only  be  determined  by  experiment. 

Some  eftimate  of  what  may  be  expected  from  this  method  of 
procuring  inflammable  air  may  be  formed  from  the  following 
obfervations.  About  twelve  inches  in  length  of  a copper  tube, 
three-fourths  of  an  inch  in  diameter,  filed  with  iron  turnings 
(which  are  more  convenient  for  this  purpofe  than  iron  filings , as 
they  do  not  lie  fo  clofe,.  but  admit  the  fleam  to  pafs  through 
tfieir  in terftices)  when  it  was  heated,  and  a fufficient.  quantity  of 
fleam  paflfed  through  it,  yielded  thirty  ounce  meafures  of  air  in 
fifty  feconds ; and  eighteen  inches  of  another  copper  tube,  an 
inch  and  a quarter  in  diameter,  filled,  and  treated  in  the  fame 
manner,  gave  two  hundred  ounce  meafures  in  one  minute  and 
twenty-five  feconds fo  that  this  larger  tube  gave  air  in  pro- 
portion to  its  folid  contents  compared  with  the  fmaller;,  but  to 
what  extent  this  might  be  depended  upon  I cannot  tell.  How- 
ever, as  the  heat  penetrates  fo  readily  to  fome  diftance,.  the  rate 
of  giving  air  will  always  be  in  a greater  proportion  than  that  of 
the  Ample  diameter  of  the  tube. 

The  following  experiment  was  made  with  a view  to  afcertaim 
the  quantity  of  inflammable  air  that  may  be  procured  in  this, 
way  from  any  given  quantity  of  iron..  Two  ounces  of  iron,, 
or  960  grains,  when  diifolved  in  acids,  will  yield  about  800 
ounce  meafures  of  air ; but  treated  in  this  manner  it  yielded 
1054  ounce  meafures-,  and  then  the  iron  had  gained  329  grains 
in  weight,  which  is  little  fliort  of  one-third  of  the  weight  of 
the  iron*. 
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Coniidering  how  little  this  inflammable  air  weighs,  viz.  the 
whole  1054  ounce  meafures  not  more  than  63  grains,  and  the 
difficulty  of  ascertaining  the  lofs  of  water  to  So  fmall  a quan- 
tity as  this,  it  is  not  poffible  to  determine,  from  a procefs  of 
this  kind,  how  much  water  enters  into  the  compofition  of  the 
inflammable  air  of  metals.  It  would  be  more  eafy  to  deter- 
mine this  circumflance  with  refpeft  to  the  inflammable  air  of 
charcoal,  efpecially  by  means  of  the  experiment  made  with  a 
burning  lens  in  vacuo.  In  this  method  two  grains  of  charcoal 
gave  at  a medium  thirteen  ounce  meafures  of  inflammable  air, 
which,  in  the  proportion  of  30  ounce  meafures  to  8 grains, 
will  weigh  3.3  grains;  fo  that  water  in  the  compofition  of  this 
kind  of  inflammable  air  is  in  the  proportion  of  1 .3  to  2,  though 
■there  will  be  fome  difficulty  with  refpefl  to  the  fixed  air  inti- 
mately combined  with  this  kind  of  inflammable  air. 

Since  iron  gains  the  fame  addition  of  -weight  by  melting  in 
dephlogijllcated  air , and  alfo  by  the  addition  of  water  when 
red-hot,  and  becomes,  as  I have  already  obferved,  in  all  re- 
fpeflsthe  fame  fubflance,  it  is  evident,  that  this  .air  or  water , as 
exifling  in  the  iron,  is  the  very  fame  thing ; and  this  can 
hardly  be  explained  but  upon  the  fuppofltion  that  water  confifls 
of  two  kinds  of  air ; viz.  inflammable  and  dephlogiflicated. 

I fliall  endeavour  to  explain  thefe  procefles  in  the  following 
manner. 

When  iron  is  melted  in  dephlogiflicated  air,  we  may  fuppofe 
that,  though  part  of  its  phlogifton  efcapes,  to  enter  into  the 
compofition  of  the  fmall  quantity  of  fixed  air  which  is  then 
procured,  yet  enough  remains  to  form  water  with  the  addition, 
of  dephlogiflicated  air  which  it  has  imbibed,  fo  that:  this  calx 
of  iron  confifls  of  the  intimate  union  of  the  pure  earth  of  iron 
and  of  water ; and  therefore  when  the  fame  calx,  thus  fatu- 
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rated  with  water,  is  expofed  to  heat  in  inflammable  air,  this 
air  enters  into  it,  defiroys  the  attradlion  between  the  water  and 
the  earth,  and  revives  the  iron,  while  the  water  is  expelled  in 
its  proper  form. 

Confequendy,  in  the  procefs  with  fleam,  nothing  is  neceflary 
to  be  fuppofed  but  the  entrance  of  the  water,  and  the  expul- 
sion of  the  phlogiffoti  belonging  to  the  iron,  no  more  phlo- 
giften  remaining  in  it  than  what  the  water  brought  along  with 
it,  and  which  is  retained  as  a confiituent  part  of  the  water, 
or  of  the  new  compound. 

Having  procured  water  from  the  Scales  of  iron  (which  I muff 
again  obferve  is,  in  all  refpedfs,  the  fame  fubffance  with  iron 
inelted  in  dephlogifticated  air,  or  faturated  with  fleam  by  means 
of  heat)  and  having  thereby  converted  it  into  perfedt  iron  again,' 

I did  not  entertain  a doubt  but  that  I fhould  be  able  to  produce 
the  fame  effedl  by  heating  it  with  charcoal  in  a retort;  and  I 
had  likewife  no  doubt  but  I fhould  be  able  to  extradl  the  addi- 
tional weight  which  the  iron  had  gained  fviz.  one-third  of  the 
whole)  in  water.  In  the  former  of  thefe  conjedtures  I was 
right ; but  with  refpedt  to  the  latter,  I was  totally  miflaken. 

Having  made  the  fcales  of  iron,  and  alfo  the  powder  of 
charcoal  very  hot,  previous  to  the  experiment,  fo  that  I was 
fatisfied  that  no  air  could  be  extradfed  from  either  of  them  fe- 
parately  by  any  degree  of  heat,  and  having  mixed  them  toge- 
ther while  they  were  hot,  I put  them  into  an  earthen  retort, 
glazed  within  and  without,  which  was  quite  impervious  to  air. 
This  I placed  in  a furnace,  in  which  I could  give  it  a very 
flrong  heat ; and  connedted  with  it  proper  veffels  to  condenfe 
and  colledt  the  water  which  I expedfed  to  receive  in  the  courfe 
of  the  procefs.  But,  to  my  great  furprife,  not  one  particle 
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of  moijlure  came  over,  but  a prodigious  quantity  of  air,  and 
the  rapidity  of  its  production  aftonifhed  me ; fo  that  I had  no 
doubt  but  that  the  weight  of  the  air  would  have  been  equal  to 
the  lofs  of  weight  both  in  the  feales  and  in  the  charcoal ; and 
when  I examined  the  air,  which  I repeatedly  did,  I found  it  to 
contain  one-tenth  of  fixed  air,  and  the  inflammable  air,  which 
remained  when  the  fixed  air  was  feparated  from  it,  was  of  a 
very  remarkable  kind,  being  quite  as  heavy  as  common  air. 
The  reafon  of  this  was  fufRciently  apparent  when  it  was  de- 
compofed  by  means  of  dephlogifticated  air ; for  the  greateft 
part  of  it  was  fixed  air. 

The  theory  of  this  procefs  I imagine  to  be,  that  the  phlo- 
gifton  from  the  charcoal  reviving  the  iron,  the  water  with 
which  it  had  been  faturated,  being  now  fet  loofe,  affected  the 
hot  charcoal  as  it  would  have  done  if  it  had  been  applied  to  it 
in  the  form  of ft  earn  as  in  the  preceding  experiments;  and  there- 
fore the  air  produced  in  thefe  two  different  modes  have  a near 
refemblance  to  each  other,  each  containing  fixed  air,  both  com- 
bined and  uncombined,  though  in  different  proportions ; and 
in  both  the  cafes  I found  thefe  proportions  fubject  to  variations. 
In  one  procefs  with  charcoal  and  feales  of  iron,  the  firff  pro- 
duce contained  one-fifth  of  uncombined  fixed'  air,  the  middle 
part  one-tenth,  and  the  laffc  none  at  all.  But  in  all  thefe  cafes 
the  proportion  of  combined  fixed  air  varied  very  little. 

Why  air  and  not  water  fhould  be  produced  in  this  cafe,  as 
well  as  in  the  preceding,  when  the  iron  is  equally  revived  in 
both,  Ido  not  pretend  perfectly  to  underftand.  There  is,  in- 
deed, an  obvious  difference  in  the  circumftances  of  the  two 
experiments ; as  in  that  with  charcoal  the  phlogifton  is  found 
in  a combined  ftate  ; whereas  in  that  of  inflammable  air,  it  is 
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loofe,  or  only  united  to  water;  and  perhaps  future  experi- 
ments may  difcover  the  operation  of  this  circumftance. 

There  is  fome  analogy  between  the  experiment  of  the  calx 
of  iron  imbibing  inflammable  air,  and  the  iron  itfelf  imbibing 
dephlogiflicated  air.  In  the  former  cafe  water  is  produced,  and 
in  the  latter  fixed  air.  However,  this  cafe  of  iron  imbibing 
dephlogiflicated  air  more  nearly  refembles  the  cafe  of  the  blood 
in  the  lungs  imbibing  the  fame  kind  of  air,  and  in  both  the 
cafes  as  dephlogiflicated  air  is  imbibed,  fixed  air  is  formed. 
This,  therefore,  feems  to  be  a confirmation  of  the  conclufion 
which  I drew  from  my  former  experiments  on  blood,  viz.  that 
it  parts  with  phlogifton  in  refpiration.  Only  I would  now 
add,  that  at  the  fame  time  that  it  parts  with  phlogifton  it  takes 
in  dephlogiflicated  air,  which  makes  the  cafe  perfectly  fimilar 
to  that  of  the  experiment  with  iron , which  likewife  parts  with 
phlogifton  to  form  fixed  air,  at  the  fame  time  that  it  imbibes 
dephlogiflicated  air  in  contact  with  which  it  is  ftifed. 

I propofe  to  referve  for  a future  communication  the  conti- 
nuation of  thefe  experiments,  containing  an  account  of  the  ap- 
plication of  the  fame  procefs  to  other  fubftances ; but  it  may 
not  be  amifs  juft  to  mention  a few  of  the  general  refults , and 
thofe  which  have  the  neareft  connexion  with  the  experiments 
recited  above. 

After  having  tranfmitted  fleam  in  contact  with  charcoal  and 
iron  in  a copper  tube,  I propofed  to  do  the  fame  with  other  fub- 
ftances containing  phlogifton,  and  I began  with  bones,  which 
were  burnt  black,  and  had  been  fubjected  to  an  intenfe  heat, 
covered  with  fand,  in  an  earthen  retort.  From  three  ounces  of 
bone  thus  prepared,  and  treated  as  I had  done  the  charcoal,  I 
got  840  ounce  meafures  of  air,  with  the  lofs  of  288  grains  of 
water.  The  bones  were  by  this  means  made  perfectly  white, 
2 and 
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and  had  loft  3 10  grains  of  their  weight.  As  the  air  ceafed  to 
come  a confiderable  time  before  all  the  water  had  been  trans- 
mitted through  the  tube  containing  them,  I concluded  that  the 
air  was  formed  from  the  phlogifton  contained  in  the  bones,  and 
fo  much  water  as  Was  neceflary  to  give  it  the  form  of  air. 

This  air  differs  confiderably  from  any  other  kind  of  inflam- 
mable air,  being  in  feveral  refpects  a medium  between  that 
from  charcoal  and  that  from  iron.  It  contains  about  one- fourth 
of  its  bulk  of  uncombined  fixed  air,  but  not  quite  one- tenth 
intimately  combined  with  the  remainder.  The  water  that 
came  over  wTas  blue,  and  pretty  ftrongly  alkaline,  which  muft 
have  been  occafloned  by  the  volatile  alkali  not  having  been  in- 
tirely  expelled  from  the  bones  in  the  former  procefs,  and  its 
having  in  part  diftblved  the  copper  of  the  tube  in  which  the 
experiment  was-  made. 

I Subjected  to  the  fame  procefs  a variety  of  fubftances  that 
are  faid  not  to  contain  phlogifton,  but  I was  never  able  to  pro- 
cure inflammable  air  by  means  of  them  ; which  ftrengthens 
the  hypo  thefts  of  the  principal  element  in  the  conftitution  of 
this  air  having  been  derived  from  the  fubftance  fuppofed  to  con- 
tain phlogifton,  and  therefore  that  phlogifton  is  a real  fub- 
ftance, capable  of  afiummg  the.  form  of  air  by  means  of  water 
and  heat* 

The  experiments  above-mentioned  relating  to  iron  were  made 
with  that  kind  which.,  is  malleable ; but  I had  the  fame  refult 
when  I made  ufe  of  fmall  nails  of  cajl  iron , except  that  thefe 
were  firmly  faftened  together  after  the  experiment,  the  Surfaces 
of  them  being  cryftallized,.  and  the  cryftals  mixing  with  each- 
other,.,  fo  that  it  was  with  great  difficulty  that  they  could  be 
got  out  of  the  tube  after  the  experiment,  and  in  general  the 
foLd  parts  of  the  nails  were  broken  before  they  were  feparated 

from 
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from  each  other.  Indeed  the  pieces  of  malleable  iron  adhered 
together  after  the  experiment,  but  by  no  means  fo  firmly. 

Cad  iron  annealed  (by  being  kept  red-hot  in  charcoal)  is 
remarkably  different  from  the  call  iron  which  has  not  under- 
gone that  operation,  efpecially  in  its  being,  to  an  extraordinary 
degree,  .more  foluble  in  acids.  With  the  turnings  of  annealed 
caft  iron  I made  the  following  experiment.  From  960  grains  of 
this  iron,  and  with  the  lofs  of  480  grains  of  water,  I got  870 
ounce  meafures  of  inflammable  air,  and  tranfmitting  fleam 
through  them  a fecond  time,  I got  1 50  ounce  meafures  more. 
The  iron  had  then  gained  246  grains  in  weight,  and  the  pieces 
adhered  firmly  together ; but  being  thin  they  were  eafily  broken 
and  got  out  of  the  tube,  whereas  it  had  required  a long  time, 
and  a fharp  fleel  inftrument,  to  clear  the  tube  of  the  cafl-iron 
nails. 

Having  got  water  from  the  fcales  of  iron  and  of  copper  fatu- 
rated  with  dephlogifticated  air,  by  heating  them  in  inflammable 
air,  it  occurred  to  me  to  make  the  fame  experiment  with  preci- 
pitate per  fe , and  I found,  that  the  moment  that  the  focus  of 
the  lens  fell  upon  this  lubflance  the  mercury  began  to  revive, 
the  inflammable  air  rapidly  difappeared,  and  was  formed 

on  the  Tides  of  the  veffel  in  which  the  experiment  was  made.  For 
want  of  a better  fun,  I could  not  afcertain  every  circumflance 
relating  to  this  procefs ; but  what  I did  feemed  to  afford  a 
fufficient  proof  that  mercury  contains  phlogiflon,  and  that  it  is 
not  revived  by  the  mere  expulfion  of  dephlogifticated  air,  as 
M.  Lavoisier  fuppofes ; efpecially  as  no  fixed  air  was  found  in 
what  remained  of  the  inflammable  air.  In  one  of  thefe  expe- 
riments 4.5  ounce  meafures  of  inflammable  air  had  difappeared, 
and  1.6  ounce  meafure  remained ; and  this  appeared  to  contain 

feme  dephlogifticated  arr  mixed  with  the  inflammable. 

4 Willing 


relating  to  Air  and  Water , - 

Willing  to  try  the  effeCt  of  heating  iron,  and  other  fub- 
flances,  in  all  the  different  kinds  of  air,  without  any  particular 
expectation,  I found  that  iron  melted  more  readily  in  vitriolic 
add  air  than  in  dephlogiflicated  air,  the  air  was  diminifhed  as 
rapidly,  and  the  infide  of  the  veflel  was  covered  with  a black 
footy  matter , which,  when  expofed  to  heat,  readily  fublimed  in 
the  foim  of  a white  vapour,  and  left  the  glafs  quite  clean. 
The  iron,  after  the  experiment,  was  quite  brittle,  and 
mult,  I prefume,  be  the  fame  thing  with  iron  that  is  Sul- 
phurated ; but  I did  not  particularly  examine  it.  Of  feven 
ounce  meafures  01  vitriolic  acid  air,  in  one  of  thefe  experi- 
ments, not  more  than  three-tenths  of  an  ounce  meafure  re- 
mained ; of  this  two-thirds  was  fixed  air,  and  the  reliduum 
of  this  was  inflammable.  I had  put  three  of  fuels  refiduums 

together,  in  order  to  make  the  experiment  with  the  greater; 
certainty. 

Having  tranfmitted  Jleam,  or  the  vapour  of  water,  through 
a copper  tube,  I was  willing  to  try  the  effects  of  Spirit  of  wine 
thiough  the  fame  tube  when  red-hot,  having  before  procured 
inflammable  air  by  fending  the  fame  vapour  through  a red-hot 
tobacco-pipe.  In  this  cafe,  the  vapour  of  the  fpirit  of  wine 
had  no  fooner  entered  the  hot  copper  tube,  than  I was  perfectly 
aftomfned  at  the  rapid  produ&ion  of  air.  It  refembled  the- 
blowing  of  a pair  of  bellows.  But  I had  not  ufed  four  ounces- 
of  the  fpirit  of  wine  before  I very  unexpectedly  found,  that 
, the  tube  was  Pejorated  in  feveral  places ; and  prefently  after- 
wards  it  was  fo  far  deftroyed,  that  in  attempting  to  remove  it 
hom  the  fireit  actually  fell  in  pieces.  The  infide  was  full  of  a 
black  footy  matter  refembling  lamp-black. 

Upon  this  I had  recourfe  to  earthen  tubes , and  found,  that  by 

meltii  g -opper  and  other  metals  in  them,  and  tranfmittinp'  the 
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vapour  of  fpirit  of  wine  in  contact  with  them,  different  Dub- 
fiances  were  formed  according  to  the  metals  employed.  The 
new  fubftances  hereby  formed  may  be  laid  to  be  the  feveral 
metals  fuper- fat u rated  with  phlogifton,  and  may  perhaps  not 
be  improperly' called  the  charcoal  of  metals. 

That  this  appellation  is  not  very  improper,  may  appear  from 
thefe  fubftances  yielding  inflammable  air  very  copioufly  when 
they  are  made  red-hot,  - and  the  fleam  of  'water us  tranfmitted 
in  contact  with  them,  juft  as  when  the- Charcoal  of  wood  is 
treated  in  the  fame  manner.  The  detail  of  thefe  experiments 
1 referve  for  another  communication,  as  alfo  thofe  of  the  con- 
■verfion  of  fpirit  of  wine , nether , and  otl9  into  different  kinds  of 
inflammable  air,  by  transmitting  them,  in  vapour,  through 
hot  earthen  tubes.  In  the  mean  time,  I fhall  think  myfelf 
happy  if  the  communication  of  the  preceding  experiments  ftiall 

o-fve  any  fatisfa&ion  to  the  Members  of  the  Society. 

s 


P O S T S C R I P T. 

BEFORE  I dole  this  paper,  1 wifh  to  make  a few  general 
inferences  from  the  principal  of  the  experiments  above-men- 
tioned, efpecially  relating  to  the  proportional  quantity  of  phlo- 
gifton contained  in  iron  and  water. 

When  any  quantity  of  iron  is  melted  in  dephlogifticated  air, 
it  imbibes  the  greateft  part  of  it,  and  gains  an  addition  of 
weight  very  nearly  equal  to  that  of  the  air  imbibed.  Thus  the 
abforption  of  twelve  ounce  meafures  of  dephlogifticated  air 

gave 
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gave  an  addition  of  fix  grains  to  the  piece  of  iron  which  had 
been  melted  in  it.  But  there  was  always  a quantity  of  fixed 
air  produced  in  this  procefs ; and  on  the  fuppofition  that  this 
air  confifts  of  the  union  of  dephlogifticated  and  inflammable 
air.  It  proves  that  the  dephlogifticated  air  which  enters  the 
Iron  expels  more  phlogifton  than  is  neceffary  to  conftitute  an 
-equal  weight  of  water,  fo  that  water  does  not  contain  fo  much 
phlogifton  as iron  ; but  the  difference  is  not  very  confiderable. 

Admitting  Mr.  Kir-wan’s  conclufion,  viz.  that  100  cubic 
inches  of  fixed  air  contain  8,357  grains  of  phlogifton,  the . 1 3 ounce 
meafure  of  fixed  air,  which  (in  an  experiment  recited  in  thefe 
papers)  was  found  in  the  refiduum  of  feven  ounce  meafures  of 
dephlogifticated  air  abforbed  by  iron,  would  not  have  contained 
more  than  .01  grain  of  phlogifton,  or  about  .16  ounce  mea- 
fure of  inflammable  air.  Then,  as  the  abforption  of  12 
ounce  meafures  of  dephlogifticated  air  occasioned  an  addition  of 
6 grains  to  the  weight  of  the  iron  which  had  abforbed  it,  the 
abforption  of  feven  ounce  meafures  muft  have  occafioned  the 
addition  of  - 3.5  grains  to  the  iron  which  had  imbibed  it.  But, 
the  fame  addition  of  weight  to  iron  given  by  fie  am  (which  car- 
ries its  own  inflammable  air  along  with  it)  would  have  expelled 
near  12.  ounce,  meafures  of  inflammable  air  : confequently, , 
about  ten  ounce, meafures  of  inflammable  air  (or  the  phlogifton. 
requifite  to  form  it)  muft,  in  the  former  experiment,  have  been 
retained  in  the  Iron,  in  order  to  compofe  the  water  which  was 
now  made  by  the  union  of  the  dephlogifticated  air  imbibed  by 
the  iron  and  the  . phlogifton  contained  in  it  .:  , and  therefore  the 
proportion  between  the  quantity  of  phlogifton  in  iron  to  that 
which  is  contained  in  an  equal  weight  of  water,  may  he  about 
12  £0  10,  or  more  accurately  to  10.4. 

Had  no  fixed  air  at  all  been  found  in  the  refiduum  above- 
mentioned,  it  might  have  been  concluded,  that  water  had  con- 
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tained  the  very  fame  proportion  of  phlogifton  with  iron.  Since 
when  iron  that  has  been  faturated  with  dephiogifticated  air  is 
heated  in  inflammable  air  (in  which  procefs  an  equal  weight  of 
water  is  produced,  and  the  lofs  of  weight  in  the  iron  is  equal  to 
that  of  fuch  a quantity  of  dephiogifticated  air  as  would  have 
been  one-half  of  the  bulk  of  the  inflammable  air  which  difap- 
pears  in  that  procefs)  it  might  have  been  concluded,  that  one- 
fifth  of  any  quantity  in  water  had  been  inflammable  air. 

For,  neglecting  the  difference  between  the  weight  of  dephio- 
gifticated and  common  air,  which  is  not  confide r able,  and  efti- 
mating  the  latter  L^th  part  of  water,  and  inflammable  air  at 
one-tenth  of  the  weight  of  common  air,  an  ounce  meafure  of 
dephiogifticated  air  will  weigh  .6  grain,  and  two  ounce  mea- 
fure s of  inflammable  air  will  weigh  .12  grain,  which  num- 
bers are  to  each  other  as  5 to  1 

Though,  in  confequence  of  the  fmall  quantity  of  fixed  air 
which  is  found  in  the  procefs  of  melting  iron  in  dephiogifti- 
cated air,  this  conciufion  is  not  accurate,  it  is  pretty  nearly 
fo;  and  it  is  remarkable  that,  upon  this  fuppofition,  about  as 
much  inflammable  air  is  expelled  from  iron  when  water  is  com- 

* It  appears  from  the  profecution  of  thefe  experiments,  that  the  water  which 
is  found  on  heating  the  feales  of  iron  in  inflammable  air,  is  not  formed  by  the 
dephiogifticated  air  expelled  from  them  uniting  with  the  inflammable  air  in  the 
veffel,  ;but  was  the  water  previoufly  contained  in  the  feales,  which  is  made  to  quit 
its  place  by  the  introduction  of  the  phlogifton  from  the  inflammable  air;  yet  that 
water  carries  out  with  it  not  much  lefs  phlogifton  than  was  taken  in  by  the  iron, 
and  a little  more  muft  be  allowed  for  that  water  which  was  neceflary  to  make 
inflammable  air,  and  which  could  notenter  the  iron  when  it  was  revived  ; fo  that, 
on  the  whole,  the  phlogifton  in  the  water  that  is  found  after  the  procefs  muft  be 
very  nearly  the  fame  quantity  that  is  imbibed  by  the  iron,  and  the  water  is  nearly 
the  fame  that  would  have  been  produced,  on  the  fuppofition  of  its  being  made 
from  dephiogifticated  air  expelled  from  the  feales  uniting  with  the  inflammable 
air  in  the  veil'd . 
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bined  with  it,  as  the  water  itfelf  brings  along  with  it,  as  an 
effential  ingredient  in  its  compdfition.  For  in  one  experiment 
2 96  grains  added  to  the  weight  of  a quantity  of  iron  by  fleam, 
made  it  to  yield  about  1000  ounce  me  a fures  of  inflammable  air. 
This  would  weigh  60  grains,  and  one-fifth  of  the  296  grains 
of  water  will  be  59.2  grains.  Again,  267  grains  added  to  iron 
by  fleam  made  it  to  yield  840  ounce  meafures  of  inflammable 
air,  which  would  weigh  50.4  grains,  and  one- fifth  of  the  267 
would  be  53.4  grains. 

When  the  experiments  on  the  melting  of  iron  in  dephlo- 
giflicated  air  fhall  be  repeated  on  a larger  fcale,  which  it  will 
not  be  difficult  to  do  by  the  help  of  a larger  burning  lens  than 
I am  at  prefent  pofTeffed  of,  it  will  be  eafy  to  reduce  thefe  cal- 
culations to  a greater  certainty.  All  that  I can  do  at  prefent  is 
to  approximate  to  fuch  general  conclufions  as  I have  mentioned 
but  they  are  of  fo  much  confequence  in  philofophy,  that  it 
will  certainly  be  well  worth  while  to  afcertain  them  with  as 
much  accuracy  as  poffible.  Nice  calculations  would  be  ill  be- 
llowed on  the  imperfect  data  which  I am  as  yet  able  to  furnifh. 
Attention  mufl  alfo  be  given  to  the  quantity  of  water  contained 
an  inflammable  air  from  iron  ; which  not  being  yet  afcertained 
is  not  confidered  in  thefe  inferences.  I wifh  only  to  hint  in 
•this  Poflfcript,  that  fome  important  conclufions  feeras  to  be 
nearly  within  our  reach. 
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XVI.  Of  the  Rotatory  Motion  of  a Body  of  any  Form  whatever , 
revolving , without  Reflraint , about  any  Axis  faffing  through 
its  center  of  Gravity.  By  Mr.  John  Landen,  F.R.S. 

•s 

Read  March  17,  1785. 

A SPHERICAL  body,  uniformly  denfe,  it  is  obvious, 
will,  if  made  to  revolve  freely  about  any  axis  palling 
through  its  center,  continue  to  revolve  about  the  fame  axis ; 
and,  by  what  I have  {hewn  in  the  P hilofofhical  Franfadlions 
for  the  year  17 77,  it  appears,  that  a cylinder  of  uniform  den- 

fity,  whofe  length  is  to  its  radius  as  v/3  to  1,  will  do  the 
fame.  It  likewife  appears,  by  my  Mathematical  Memoirs , 
Vol.  LXXV.  Tt  " that 
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that  a -com,  a conoid , a prifm , or  a pyramid , &c.  of  certain 
dimensions,  will  have  the  like  property  of  continuing,  with- 
out any  reftraint,  to  revolve  about  any  axis  palling  through  its 
center  of  gravity. 

When  the  axis,  about  which  a body  may  be  made  to 
i evolve,  is  not  a permanent  one,  the  centrifugal  force  of  its 
particles  will  difturb  its  rotatory  motion,  fo  as  to  caufe  it  to 
change  its  axis  of  rotation  (and  confequently  its  poles)  every 
inftant,  and  endeavour  to  revolve  about  a new  one  : and  I can- 
not think  it  will  be  deemed  an  uninterefting  proportion  to  de- 
termine in  \vhat  track,  and  at  what  rate,  the  poles  of  fuch 
momentary  axis  will  be  varied  in  any  body  whatever;  as, 
without  the  knowledge  to  be  obtained  from  the  folution  of 
fuch  problem,  we  cannot  be  certain  whether  the  earth,  or  any 
other  planet,  may  not,  from  the  inertia  of  its  own  par- 
-tiyies,  fo  change  its  momentary  axis,  that  the  poles  thereof 
{hall  approach  nearer  and  nearer  to  the  prefent  equator,  or 
whether  the  evagation  of  the  momentary  poles,  arifing  from 
that  c-aufe,  will  not  be  limited  by  forne  known  leffer  circle. 
Which  certainly  is  an  important  confideration  in  aftronomy ; 
efpecially  now  that  branch  of  fcience  is  carried  to  great  per- 
fection, and  the  acute  aftronomer  endeavours  to  determine  the 
motions  of  the  heavenly  bodies  with  the  greateft  exaCtnefs 
pcffible. 

I do  not  know  that  the  problem  has  before  been  folved  by 
any  mathematician  in  thefe  kingdoms;  but  I am  aware  that  it 
has  been  confidered  by  fome  gentlemen,  very  eminent  for  their 
mathematical  knowledge,  in  other  nations.  The  folution s of 
it,  given  by  the  celebrated  M.  Leonhard  Euler  and  M. 
D’Alembert,  1 have  feen  : and  we  learn  from  what' the.  laft 
mentioned  gentleman  has  faid,  in  Lis  Gpujcmes  iAat hetnatiques , 
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that  a Solution  of  it,  inveftigated  by  M.  John  Albert 
Euler  (after  a method  iimilar  to  his  father’s)  obtained  the 
prize  given  by  the  Academy  of  Sciences  111  'cue  year  1761.  I he 
conclusions  deduced  by  thofe  very  learned  gentlemen  differing 
greatly  from  mine  made  me  fufped:,  for  Some  time,  that  I.  had 
Somewhere  erred  in  my  investigation,  and  induced  me  to  revife 
my  procefs  again  and  again  with  the  greateft  circumfpe&ion. 
At  length  my  Scrutiny  has  So  removed  my  doubts,  that,  being 
well  allured  of  the  truth  of  my  theory,  I now  beg  leave  to 


prefent  it  to  the  Royal  Society  ; prelumuig  that  it  will  be  found 
not  unworthy  of  the  notice  of  Such  readers,  as  are  curious  in 
contemplating  the  various  motions  which  bodies  may  naturally 
have,  in  confequence  of  inftantaneous  or  continued  impulle. 

In  the  Philofophical  T ran/abtions  referred  to  above,  I gave  a 
Specimen  of  this  theory,  as  far  as  it  relates  to  the  motion  of  a 
Jpheroid  and  a cylinder.  The  improvements  I have  Since  made 
in  it,  enable  me  now  to  extend  it  to  the  motion  of  any  body 
whatever , how  irregular  Soever  its  form  may  be. 

What  I here  infer  therefrom  will  be  found  to  differ  very  ma- 
terially from  the  deductions  in  the  Solutions  given  by  the  gen- 
tlemen above-mentioned.  They  reprefent  the  angular  velocity, 
and  the  momentum  of  rotation  of  the  revolving  body,  as  always 
variable , when  the  axis  about  which  it  has  a tendency  to  re- 
volve is  a momentary  one,  except  in  a particular  cafe.  By  my 
investigation  it  appears,  that  the  angular  velocity  and  the  mo- 
mentum of  rotation  will  always  be  invariable  in  any  revolving 
body,  though  the  axis  about  which  it  endeavours  to  revolve  be 
continually  varied ; and  the  tracks  of  the  varying  poles  upon 
the  Surface  of  the  body  are  thereby  determined  with  great 
facility. 
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It  is  not  only  obfervable,  that  the  tracks  which  the  varying 
poles  take,  in  the  fur  face  of  any  revoking  body,  are  filch  that 
its  momentum  of  rotation  may  continue  the  fame  whilft  its 
angular  velocity  continues  the  fame ; but  it  may  be  obferved, 
that,  in  any  given  body,  there  is  only  one  fuch  track  which  a 
momentary  pole  can  purfue  from  any  given  point. 

If  the  angular  velocity  and  the  momentum  of  rotation  of  a 
revolving  body  were  to  vary  according  to  the  computations  ad- 
verted to  above,  it  would  follow,  that  a body  might  acquire  an 
increafe  of  force  from  its  own  motion,  without  being  any  way 
affedted  by  any  other  body  whatever,  as  the  fame  percuffive 
force,  applied  at  the  fame  diftance  from  the  momentary  axis, 
would  not  always  deftroy  the  rotatory  motion  of  the  body, 
which  furely  cannot  poffibly  be  true.  From  the  principles  or 
laws  of  motion,  which  I confder  as  undoubtedly  true  (and 
which  indeed  are  no  other  than  the  common  principles  of  me- 
chanics), I conclude  that  a revolving  body,  not  affedted  by  any 
external  impulfe,  can  no  more  acquire  an  increafe  in  its  mo- 
mentum of  rotation,  than  any  other  body,  moving  freely,  can 
acquire  an  increafe  in  its  momentum,  or  quantity  of  motion,  in 
any  given  diredtion,  without  being  impelled  by  gravity  or  fome 
other  force.  And  the  truth  of  this  conclufion  (which  is  here- 
inafter proved  by  other  reafoning)  may  be  eafily  inferred  from 
the  property  of  the  lever;  feeing  that  the  joint  centrifugal 
force  of  the  particles  of  the  revolving  body  (which  is  the  only 
diflurbing  force)  has  no  tendency  to  accelerate  or  retard  their 
motion  about  the  momentary  axis,  but  only  to  alter  the  por- 
tion of  fuch  axis,  the  diredlion  in  which  that  force  adfs  being 
always  in  a plane  wherein  that  axis  will  be  found. 

By  the  theory  explained  in  this  paper,  it  appears  that  a fa - 
ralkloftfedon  may  always  be  conceived  of  fuch  dimenfions, 
4.  that 
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that  being,  by  fome  force  or  forces,  made  to  revolve  about  an 
axis,  palling  through  its  center  of  gravity,  with  a certain  an- 
gular velocity,  it  fhall  move  exadlly  in  the  fame  manner  as  any 
other  given  body  will  move,  if  made  to  revolve,  by  the  lame 
force  or  forces,  about  an  axis  palling  through  its  center  of  gra- 
vity; the  quantity  of  matter  (as  well  as  the  initial  angular 
velocity)  being  fuppofed  the  fame  in  both  bodies ; and  due  re- 
gard being  had,  in  the  application  of  the  moving  force  or 
forces,  to  the  correfponding  planes  in  the  bodies.  Therefore, 
as  we  may  from  thence  always  allign  the  dimenlions  of  a pa- 
rallelopipedon that  fhall  be  affected  exadlly  in  the  fame  manner 
as  any  other  given  body  will  be  affedled,  as  well  with  regard  to 
the  centrifugal  force  of  the  refpedtive  particles  of  the  bodies,  as  to 
the  adlion  of  equal  percullive  forces,  or  ofcillation;  it  will, 
after  fhewing  how  the  dimenlions  of  fuch  parallelopipedon  may 
be  computed,  be  only  necelfary,  in  inveltigating  the  proportion 
under  conlideration,  to  determine  the  tracks  and  velocities  of 
the  poles  of  the  momentary  axis,  about  which  any  parallelopi- 
pedon may  be  made  to  revolve. 

Firfl  then  to  find  fuch  parallelopipedon  (P),  that,  with  re- 
Ipedf  to  the  adlion  of  fuch  forces  as  are  mentioned  above,  it 
may  be  affected  exadlly  in  the  fame  manner  as  any  other  given- 
body  (Q).  Let  it  be  conlidered  that  G (tab.X.fig.i.)  being  the 
center  of  gravity,  N a point  of  fufpenfion,  and  O the  correfpond- 
ing penter  of  ofcillation  or  percuffion,  the  redtangle  GN  x GO 
will  be  an  invariable  quantity,  the  diredtion  NGQ  continuing 
the  fame  ; and  that  a cylindric  furface  being  defcribed,  fuch 
that  the  center  of  the  middle  circular  fedlion  thereof  lhall  be 
G,  and  radius  rr/GN  x GO,  and  whofe  axis  lhall  be  perpen- 
dicular to  the  plane  wherein  the  line  NGO  is  fuppofed  to  be 
impelled  to  move;  if  all  the  matter  in  the  body  were  placed 

any 
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any  where  in  that  furface,  fo  that  G fhould  be  the  center  of 
gravity  of  the  matter  fo  placed,  any  given  force  or  forces,  acting 
on  the  body  in  the  plane  juft  now  mentioned,  would  caufe  the 
line  NGO  in  the  body  to  move  exactly  in  the  fame  manner  as  it 
would  move,  if  it  were  carried  with  the  matter  placed  in  the 
laid  furface  (as  before-mentioned)  after  having  been  put  in 
motion  by  the  action  of  the  fame  force  or  forces.  Moreover, 
let  it  be  confidered,  that  there  will  at  leaft  be  three  permanent 
axes  of  rotation  in  the  body  Q,  at  right  angles  to  each  other 
(as  I have  proved  in  my  Mathematical  Memoirs ) ; and  that, 
fuppofing  NGO  to  coincide  with  thofe  three  axes  in  three*  fuc- 
cefiive  cafes  wherein  the'  matter  in  QJhall,  in  each  cafe,  be  con- 
ceived to  be  placed  in  a cylindric  furface  as  defer ibed  above,  we 
may  conceive  it  poffible  fo  to  place  the  matter  of,  the  body, 
that  all  of  it  (hall  be  in  each  of  thofe  three  furfaces,  and  G 
ftiil  continue  its  center  of  gravity.  And,  a computation  being 
made  accordingly,  it  appears,  that  the  matter  of  the  body  Q 
muft  be  placed,  in  equal  quantities,  at  each  of  the  eight  an- 
gular points  of  a parallelopipedon  (R)  whofe  dimenfip.ns 
(length,  breadth,  and  thicknds)  fhall  be  f 2d1  -f  if  - 2r, 
K/fer+  2 fz  - 2 d\  and  s/zd*  + 77  - 2 / 2 ; d,  e,  and  /,  being 
the  three  values  of  \/GN  x GO,  when  NGO  is  fuccefiively  a 
permanent  axis  of  rotation,  with  re fpecl  to  the  body  Q,  in 
three  directions  at  right  angles  to  each  other. 

If  Q^were  a parallelopipedon,  it  may  be  eafily  proved, 
that  its  dimenftons  muft  be  %/ bcT  + 6/ 2 - 6r,  \/ be  +6 / ‘ — 6a\ 
and  s/6dz+  be'  - 6 /%  that  the  correfponding  parallelopipedon, 
at  the  angular  points  whereof  the  matter  of  Q is  conceived  to 
be  placed  as  above,  may  have  the  fame  dimen  (ions  as  thofe 
which  we  have  found  our  parallelopipedon  R muft  have. 

2 Whence 
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Whence  we  may  infer,  that  the  parallelopipedon  (P',  which 
we  propofed  to  find,  muff  have  the  dimen  hens  laft  written  ; 
namely,  length,  breadth,  and  thicknefs,  refpeClively  equal  to 
%/6d~  + (j 2 - 6r,  s /6ez  + 6Jz-6d\  and  f bd1-  + be1  - 6/ 2: 
which  may  be  confirmed  by  a more  ftrid  demonfiration  founded 
on  the  principles  made  life  of  in  my  fourth  Memoir.  For  it 
appears  by  what  is  there  proved,  that  the  centrifugal  forces  of 
the  particles  of  any  revolving  body,  in  two  directions  at  right 
angles  to  each  other,  may  be  expreffed  in  terms  of  A,  B,  K, 
and  variable  quantities  {hewing  the  pofition  of  the  momentary 
axis ; and  that,  in  a parallelopipedon  whofe  dimenlions  (length, 
breadth,  and  thicknefs)  are  a , b,  k ; and  whofe  mafs,  or  con- 

a , m*2  „ mz  . j-r  Mr-  Tr  . 

tent,  is=M;  A will  be  , n=  — , andK=— . If  there- 
fore a be  = s/bd%  -f  6/’ 2 — 6e\  b~f  be1  ybj2  - 6 d\  and  k ~ 
%/bd~  + 6e 2 - 6fL ; in  fuch  body, 

A will  be=  y-  x d~  -\-j 2 — e\ 

M 

B =7^t  r~d\ 

K ~-x  d1  + ? -F. 

2 

But,  in  any  body  whatever, 

M x d 1 is  = the  fum  of  all  the  + zz  x p, 

M x e*  ~ the  fum  of  all  they2  + z2  xp, 

M x/2  = the  fum  of  all  theaT+jy  xp, 

and  — x dl  - f <?2  + J 2 = the  fum  of  all  the  x 1 +y"  + x p : x,  y, 

2r 

and  z correfponding  to  the  place  of  the  particle  p in  the  body ; 
x being  meafured  from  the  center  of  gravity  upon  a permanent 
axis  of  rotation,  y at  right  angles  to  x,  and  z at  right  angles 

to 
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to  y la  a plans  to  which  the  faid  axis  is  perpendicular* 

Therefore,  * 

M 

A,  which  is  = the  fum  of  all  the  x*  x p , will  be  = — x dl  2 - 

B,  = the  fum  of  all  they’  x p,  —^-xez+J-z  — dz9 

M r - 

K,  = the  fum  of  all  the  x p,  — —xdz+ez—f\ 

Hence  it  is  evident,  that  d,  e,  and  f being  determined  from 
any  body  whatever,  the  values  of  A,  B,  and  K will  be  the 
fame  in  that  body  as  in  our  parallelopipedon  P ; and  that  the 
centrifugal  forces  of  the  particles  will  be  the  fame  in  both  bo- 
dies. Confequently,  their  motions  about  fucceffive  momentary 
axes  (whofe  poles  are  varied  by  the  perturbation  arifing  from 
thole  forces),  will  be  the  fame  in  both  bodies;  their  initial  an- 
gular velocities  being  the  fame  ; as  w'ell  as  the  polition  of  their 
initial  momentary  axes,  with  refpedt  to  the  correlpondent  per- 
manent axes  of  rotation  in  each  body. 

Let  us  now  proceed  to  find  how  any  parallelopipedon  will 
revolve  about  fucceffive  momentary  axes  palling  through  its 
center  of  gravity : by  which  means,  with  the  help  of  the 
theorem  juft  now  inveftigated,  we  ftiall  be  enabled  to  define 
how  any  body  whatever  will  revolve  about  fuch  axes ; which  is 
the  chief  purpofe  of  this  difquifition. 

Fig.  2.  and  3.  The  length,  breadth,  and  thicknefs  of  the 
revolving  parallelopipedon  (P)  being  2 d9  2 c,  and  2b,  conceive  a 
fpherical  furface  without  matter,  whofe  center  is  the  center  of 
gravity  of  the  body  P,  to  be  carried  about  with  that  body 
during  its  motion  ; and  let  the  faid  furface  be  orthographically 
projected,  fo  that  the  radius  upon  which  b is  meafured  may  be 

reprefented 
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reprefented  by  AB ; the  radius  upon  which  d is  meafured  may 
be  reprefented  by  AD ; and  the  radius  AC,  upon  which  c is 
meafured,  may  be  projected  into  the  central  point  A,  Let  P 
be  the  momentary  pole,  and  PQjfche  continuation  of  the  great 
circle  CP.  Let  a denote  the  radius  AB  (rr  AD)  ; g and  y the 
fine  and  cofine  of  the  arc  CP ; s and  t the  fine  and  cofine  of 
the  arc  BQ^,  to  the  fame  radius  a ; e the  angular  velocity  of  the 
body  and  fpherical  furface,  meafured  at  the  diftance  a from 
the  momentary  axis ; and  M the  mafs  or  content  of  the  paral- 
lelopipedon  ( — %bcdf 

Then  the  motive  force  E,  urging  the  pole  P towards  Q, 
will  (by  what  I have  proved  in  my  Mathematical  Memoirs ) be 

M — . 11 

“ x DP  - CV ; and  the  motive  force  E,  urging  the  fame 

pole  in  a direction  P 0,  at  right  angles  to  that  in  which  E a£ls, 
Mezg 

— 6 x Dr/ ; C and  D being  equal  to  c*  - bz  and  d2  - bz  re* 

fpe&ively.  Let  Py  be  to  Vo  as  E to  E ; complete  the  paral- 
lelogram oPyr,  and  draw  the  diagonal  Pr.  This  laid  men- 
tioned line  will . (by  what  I have  fhewn  in  the  Philofopbical 
Tranfadlions  for  the  year  1777)  be  perpendicular  to  the  tan- 

. 11  in 

gent  to  the  polar  track  at  P.  Therefore  P ppp  being  the  pro- 
jection of  that  track,  and  P p an  indefinitely  fmall  particle 
thereof;  if  pu  be  perpendicular  to  P#A,  and  the  quantities 

d2  — cz  — be  not  negative;  — x DP  — Cal  will  be  to  Dr/ 

(as  P^  to  P0)  as  pu  to  P«,  the  triangles  P or  and  P up  being 

fimilar,  andor=Py.  But  with  refpeCt  to  our  fpherical  fur- 

« • 

face,  pu  will  be  to  Vu  as  — to  - — ; therefore,  C a2  - DP  x g 

t y 

® • 

will  be^Dgss,  and|  Whence,  by  taking  the 

Vql,  LXXVo  U u fluents, 
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fluents. 
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we  have  / = if  x 


Dnr  — Cy* 


Dr2 


and  f 


a~  X 


D Jr — -By* 


■s 


D rz 


7rt  and  n denoting  the  values  of  s and  t\  when  g is  =?  a and 
y = o ; and  B being  put  to  denote  the  difference  D - C — dz  - c2. 

If  now  (3  and  a be  put  to  denote  the  coflnes  of  BP  and  DP5 
tp  the  radius  .a,  we  fnall,  from  what  is  done  above,  have 

f gs  1/lDm*-Cy£" 


a 


0 - 


D2 


i 

D* 


@z  + yz  + T 13(3  + yy+-$$ ~ O ; 

b2(3z  + c2y2  +,d2^2  ~b2n2  + d2m2 , and  b2(3(3  + c2yy  + 

Drawing  AR  fo  that,  D2  x,flne  of  BR  floall  be  = C^,  it  is-, 
very  remarkable,,  that  the  momentary  pole  (P)  will  run  round; 
about  the  point  B?  or  about:  the  point  D,  in  the  fpherieal  furface* 
according  as  the  initial  pole  fhall  be  in  the  part  BCR  or,  DCR 
of  the  faid  fur  dice  ; that  is,  according  as  Dm2  is  lefs  or  greater 
than  Caz and  that,,  if  the  initial  pole  (P)  be  any  where  iiii 
the  great  circle  CR,.  the  momentary  pole,  keeping  in  the  arc 
of  that  circle y will  continually  approach;  nearer  and- nearer  to. 
the  point  C in  the  furface  of  the  fphere ; but,  by  what  fol- 
lows, we  fhall  And  that  it  never  can  arrive  at  that  point  in  any 
finite  time  l* 

The  equation  of  the  track  of  the  pole  im the  projection  to. 
which  we  have  hitherto  referred  will,  it.  is-  new  obvious,  be, 
B Cc2  iJ/ 12 

v2  = — x x2+  - ~~  xr.  meafured.  from  the,  center,  A upon, 

±J 

AD,,  being  = and-yy  at  right  angles  thereto,  — ft*-. 

If  C be=c  (that  is,  if  c h e=T),v  x will  be  equal  to  the  in- 
v-ariable  quantity  rn  ; the  projected  track,  a right  line  parallel  to  . 
AB ; and  the  track  upon  the  furface  of  the  fphere,  a lejfer 
circle  in  a plane  parallel  to  the  plane  of  the  great  circle  BC„ 
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If  Cbe~D,  jy  will  be  equal  to  the  invariable  quantity  n\ 
'the  projected  track,  a right  line  parallel  to  AD ; and  the  track 
>•011  the  Surface -of  the  fphere,  a lefier  circle  in  a plane  parallel  to 
the  plane  of  the  great  circle  CD. 

If  D/d 1 ht-Qa*  the  projected  track  will  be  the  right  line  AR, 

jPp 

and  y — ~c  x a: ; the  track  upon  the  furfaoe  of  the  fphere  be* 
in  g*  the  great  circle  CR. 

cJ  O 

In  all  other 'cafes  in  this  projection,  the  track  will  be  an  by- 
da  whofe  center  is  A,  femi-axis  A a 


Ca  <~n  \J>n~ 


B 


and  the 


Ca  c/o  YOnf 


-axis 


c 


; the  right  line  AR  being  always  ah 

ajypmtote. 

Fig.  4.  When  the  track  is  projected  on  a plane  ACD,  to 
which  the  radius  AB  is  perpendicular  (the  point  D being  the 

vertex  as  before)  the  equation  thereof  will  bey2  rr  x rn2  - x2:; 

-3V  meafured  from  the  center  A upon  AD,  being  = i (as  before)  ; 
und  y,  at  right  angles  thereto  -s  y.  This  projection  of  the  track 
•of  the  pole  will  therefore  always  be  an  ellipfis  a b (or  a circle J 

whofe  center  -is  A ; femi-axis  Aa~/»;  and  the  other  femi-axis 

1 

Dr  ‘ 

— q-|  * m:  except  c be==3;  in  which  cafe  the  projected  track 

will  be  a right  line  a b parallel  to  AC. 

Fig.  5.  Moreover,  the  equation  of  the  track  projected  on  the 
plane  ABC,  to  which  the  radius  AD  is  perpendicular,  will  be 

yzxz  — xn2  — x2 ; x,  meafured  from  the  center  A upon  AB, 

being  rr  fi  ; and  jy,  at  right  angles  thereto,  — y.  The  track  of 
the  pole  in  this  projection  will  therefore  always  be  an  ellipfis 

U u z ab 


/ 
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ab  (or  a circle J whofe  center  is  A ; femi-axis  A a =:«  ; and  the 

other  femi- axis  = x n ; except  c be  =r  d\  in  which  cafe  the 

projected  track  will  be  a right  line  a b parallel  to  AC. 

With  regard  to  the  permanent  axes  of  rotation  of  our  paral- 
lelopipedon,  it  appears,  by  my  Mathematical  Memoirs , that  if 
two  of  its  dimenfions  be  equal  (that  is,  when  the  body  is  a 
fquare  prifm J , any  line  palling  through  the  center  of  gravity  of 
the  body,  in  a plane  to  which  the  other  dimenfion  is  perpendi- 
cular, will  be  a permanent  axis  of  rotation ; as  will  the  line 
paffing  through  that  center,  at  right  angles  to  that  plane.  If 
all  the  three  dimenfions  be  equal  (that  is,  when  the  body  is  a 
cube),  any  line  whatever  palling  through  the  center  of  gravity 
of  the  body  will  be  a permanent  axis  of  rotation. 

It  is  obfervable,  that  the  momentum  of  rotation  of  the 
body,  about  the  momentary  axis,  is  found  by  computation 

always  = -\- cla~ dz'>f  r e denoting  the  angular  velocity. 


But  — x b2m2  -pckr  -\-d2n2  is  the  initial  momentum  of  rotation. 

o' 

Therefore,  conlidering  the  momentum  of  rotation  as  invariable, 
the  angular  velocity  will  be  invariable,  e being  always  = /, 
which  here  denotes  the  initial  angular  velocity. 

Our  next  bufinefs  is  to  find  the  length  of  the  track  defcribed 
by  the  momentary  pole  (P),  upon  the  fpherical  furface;  and 
the  velocity  of  the  pole  in  that  track. 

Fig.  2,  3.  It  appearing,  that  the  motive  force  E is  = 

— x D/;f  — C a~  x - , and  the  motive  force  E = —7-  x VB)m2  - Cf 

3 as  g 3aS 

x if  On*  — Bf  ; we  find  F = s/e  2 + E2  (the  force  compounded 

of  thofe  two  forces)  ==  x - BQa2f  ; and,  F being 

to 


j 
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to  E as  a to  the  fine  of  the  angle  pV u,  it  follows,  that  th6 

and  its  cofine  = 


fine  of  pVu  will  be 


Dm2 — C cir'X.ay 


^V'Da«V-BC«V  ’ 


/ F 1)mz  — Cyz  X F Dr 


— . Therefore,  that  cofine  being  to  radius  as 


, £ •y'  D1®1®'  — B C a2y2 

} the  fluxion  of  the  arc  PQ  to  (z)  the  fluxion  of  the  polar 


s 


yDV«2-BC«V 


track  on  the  fpherical  furface,  z will  be  = - - — „ — _ — _ 

Now,  PpLN  being  a quadrant  of  a great  circle  (touching  the 
faid  polar  track  at  P),  and  NAN  a diameter  of  that  circle ; if 
we  _ put  w to-  denote  the  distance  of  any  particle  fp ) of  the 
parallelopipedon  from  that  diameter,  and  G to  denote  the  ac- 
celerative force  of  any  fuch  particle  when  w is  — a ; the  motive 


Me2 


force  F ( — — s X s/Yfrn'if  — BC a2f),  computed  above, will  be  = 
3a 


G 

a 


X the  fum  of  all  the  wzxp;  which  fum,  by  computation,  is 

M ““ 


found : 


X 


dz  + / . D Vi V - b2 m2  + //  -f  dLr*  . BC' 


DV^-BCsV 


Confequently, 


G will  be  — k X 


DW-BC// 


. DV«a-iV  + fV  + /»2  . BC/’  ■But? 

what  I have  done  in  the  Philofophical  ’Tranfahlions  for  the 

year  1 777*  f be  ~ v ~ the  velocity  wherewith  the 

momentary  pole  changes  its  place  in  the  fpherical  furface  to 
which  it  is  referred.  Therefore, 


v will  be  = i X ^ 


DVV-BC/// 


3. 


d2  + b2  . DV«2-Ai2  + fV  + iV  . BC/ 
• - 


; and  - =•  T, 


the  fluxion  of  the  time  = ~ x — ‘ A/  + nz,r . B c/ 

• / D//-C/X  Fd«2-B/  x DVV-  BC// 
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b'nr  + ftf'Jfd 


V 


X 


r 


v'  D IT?  - O/  x V-  D/*a  - 13/ 
Dm2  — Qa7 


+ 


,22,  22,  /2 
b m + c a + a 


X D ''nifty 


V Dm"  — Cy2  X ^ Dr7  — By7  X LX 

when  D mz  k~Ca\  becomes 


2 2 
//i  • 


BGflV 


: which, 


d7+b: 


7 a7y 


e vfi C . /-/ 


rt?2  + / 


It  is  evident,  that  X^Xhyp.  log.  of  ~g , the  value  of 

T in  that  particular  cafe,  will  be  'infinite  when  y is  = a ; and  this 
conclufion  agrees  with  what  is  faid  above  refpedfing  the  motion 
of  the  momentary  pole  along  the  great  circle  CR  (fig.  2. 
and  3.). 

I have  not  found,  that  the  value  of  T will,  in  general,  be 
afligned  by  the  arcs  of  the  conic  jeciiom  ; but  my  Tables  * fliew, 
that  it  will  be  fo  afligned  when  Dm2  isr:B a2,  and  in  fome 
Other  particular  cafes. 

We  have  ftill  to  inveftrgate  the  track  -of  the  momentary 
pole  in  the  immoveable  concave  fpherical  furface,  which  we 
muff  conceive  to  furround  our  moveable  convex  fpherical  fur- 
face,  fuppofing  the  center  of  both  thofe  furfaces  to  coincide 
with  the  centers  of  gravity  of  our  parallelopipedon  : which, 
central  point  is  always  in  this  difquifition  fuppofed  at  refl. 

Let  AL  be  the  projedlion  of  part  of  a great  circle  CL, 
at  right  angles  to  the  great  circle  P/>LN ; then  will  the 

fine  of  the  arc  CL  be  — -7 ; its  cofine 


Vd2-2 


m u 


■ VCa 


T>*s/T>azm7n  —DmA-  C a7m7  -j-  CaV 


V \}lnhr  - BC  A/ 


and,  the  fluxion  of  that  fine 


being  = 


D/-Cfl2xDWr 


the  fluxion  of  that  arc  (CL)  will  be 


DViV-BCflVL 
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- * Confequently, 


D in  - L.V  X D Wfly 


2 2 ~ BCafy2  X v Da  W — D//z4—  CaL2  + CaL  . > 


the  fine  of  the  arc  PL  being 


?H/D;/r  - CV2  x ✓£>  «-BV? 


m n 


■ DnV~CuZml  -f-  CVr  . 
and  this  fine  being  to  radius  as- the  fluxion  of  the  arc  CL  to  the 
meafure  of  the  angle  of  contact  of  the  polar,  track  on  the  movea- 
ble fpherical  furface  with  a great  circle,  we  find  that  meafure 


Dfft-erxDV/y 


DV-CVx  DLV* 


v'  Dfff  — C}2  X v"  D/22  — By  X D~vfl  «2  — BCaV  D W — B C <2  V2]  ^ 

The  meafure  of  the  angle  of  contact  of  the  track  of  the. 
momentary  pole,  in  the  immoveable  fp  he  ideal  furface,  with  a. 
great  circle,  will  accordingly  be 


eT 


D 


m 


Caz  X unrnz  b~m  -f  c u + a r, 


1 2 


DLL2 — BCflV 


2 


^DLV-BCV/2 


means  of  which 


meafure  we  may  deferibe,.  by  points,  the  track,  of  the  momen- 
tary pole  in  the  fpherical  iurface  laft  mentioned; 

There  are.  other  methods  of  finding  that  track;  but  I know 
none  that  is  lefs  difficult  than  this  method,  or  in  any.  refpect 
more  fatisfadtory. 

The  radius  of  the  lefler  circle,  which  is  the  circle  of  curva- 
ture of  the  polar  track,  in  our  immoveable  fpherical  furface,. 
will  be  :=. 


<7Z 


vDLV-BC^V 


d fq, of  the  meaf.  of  the  ang.  of  cont. 


V'i.a  , :ux:  ..  2 , .2  , _,z\r  # «2_.]3Cya 


b * 4-  V\  • m2+-cz  + jz  1 
. When  B is~o,  or  very  fmall  in  comparifon  with  D,  and 
3D/;f  is  lefs  than  CV,  the  laft  mentioned  radius  will  be  equal,  or 

nearly  equal,  to  the  invariable  quantity  — • ■ - - 

the  track  of  the  pole  in  the  immoveable  fpherical  furface  being 
then  exactly,  or  very  nearly,  a lefler  circle.  At  the  fame  time, 

the 
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the  polar  track  upon  the  moveable  fpherical  furface  will  be 

exactly,  or  very  nearly,  a lefler  circle  whofe  radius  is  m. 

WhehCis—o,  or  very  fmall  in  companion  with  D,  and 
is  greater  than  Caz,  the  track  of  the  pole  in  the  immovea- 
ble fpherical  furface  will  be  exaftly,  or  very  nearly,  a lefler 

circle  whofe  radius  is  = -7—- ; and  then  the  polar 

* 4-c^mz  -f  c2  + a"]  . «a 

track  upon  the  moveable  fpherical  furface  will  be  exactly,  or 
’very  nearly,  a lefler  circle  whofe  radius  is  n. 

Whatever  the  curves  may  be  which  the  momentary 
pole  fhall  defcribe  in  thofe  two  fpherical  furfaces,  the  track 
upon  the  moveable  furface  will  always  touch  and  roll  along 
the  track  in  the  immoveable  furface  (whilft  the  common  cen- 
ter of  both  furfaces  remains  at  reft),  in  the  manner  defcribed 
in  my  Paper  in  the  Philofophkal  ‘Tranfaclions  for  the  year 
1 77 7 » t^ie  vel°city  of  the  point  of  contact  being  equal  to  the 
value  of  v computed  above,  which  velocity  when  B is  — o,  or  very 
/mall  in  companion  with  D,  and  Dvr  is  lefts  than  Caz,  will  be 

exa&ly,  or  very  nearly,  = 5 and  when  C is  — o,  or 

very  fmall  in  comparifon  with  D,  and  Dm2  is  greater  than  Cazf 

;that  velocity  will  be  exadtly,  or  very  nearly,  = X -^r  • 

The  polar  track  upon  the  moveable  fpherical  furface  . 
will  always  roll  along  the  convexity  of  the  track  in 
the  immoveable  fpherical  furface ; the  convexity  or  con- 
cavity of  the  former  being  turned  towards  the  convexity 
of  the  latter,  according  as  D nr  is  greater  or  lefts  than  Ca\ 
Which  track  in  the  immoveable  fpherical  furface,  when  it 
is  not  circular,  will  touch  a certain  circle  as  often  as  during 
the  motion,  fhall  become  — o';  and  likewife  another  parallel 

circle 
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circle  as  often  as  y fhall  become  equal  to  x w,  or^ J-~]  x 

the  parts  of  the  track  between  the  points  of  contact  being  per- 
fectly fimilar.  If  Dm~  be  = Cn2  (D/22  being  then  =* B<*V  and 

- 

confequently  - 


# 


jji  Xn  — rtJ,  the  faid  track  will  make 

ail  infinite  number  of  revolutions  about  a certain  point,  con- 
tinually approaching  nearer  and  nearer  thereto,  without  arriv- 
ing thereat  in  any  finite  time,  though  the  length  of  the  fpiral 
fo  defcribed  cannot  exceed  a certain  finite  quantity. 

M.  Euler  has  computed,  that  if  the  motive  forces  to  turn 
the  revolving  body  about  AB,  AC,  AD,  be  refpe&ively  de- 
noted by  H,  I,  K ; 

~ - „ M 


I 

K 


M 

dz+cz 

3 

T 

M 

d2  + f 

3 

d f 

M 

0 

3 

«3  f 

X flux,  of  ey  -f 


3 

M 


at 


\a> 


M 


B-V, 

De'PX, 


X flux,  of  . C ezj3y; 


y being  fuppofed  to  decreafe  as  T increafes : and  he  has  put  the 
value  of  each  of  thofe  forces  (H,  I,  K)  =0.  In  doing  fo,  it 
leems  to  me,  that  he  has  erroneoufly  aflumed  equations  as 
generally  true,  which  are  only  fo  in  a particular  cafe.  For 

— 5 • Bezy  Sis  the  motive  force  to  turn  the  body  about  AB,  arifing 

from  the  centrifugal  force  of  its  particles  revolving  about  the 

momentary  axis  AP,  fuppofing  the  pole  to  keep  its  place; 
1 M d'  + r 

ancl  j * flux,  of  efi  is  the  value  of  the  motive  force 

requifite  to  caufe  the  whole  variation  of  the  velocity  ^ about 

AB.  But  the  firfl.  mentioned  force  alone  does  not,  in  general, 
Vol.  LXXV«  X x caufe 
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caufe  all  the  variation  of  the  velocity  about  AB ; that  velocity 
varies  in  confequence  of  the  evagation  of  the  pole  P ; and  that 
evagation  is  caufed  by  the  motive  forces  urging  the  body  to 
turn  about  AB,  AC,  AD,  conjuntfly.  Therefore  the  motive  force 

Be2^  about  AB  only  will  not,  in  general,  be  equal  to 


M 

M 


dz  + r 
«z3f 


xflux.  of  e@9  the  value  of  the  whole  motive  force 


requilite  to  caufe  the  variation  of  the  velocity  — , as  M.  Euler 


reckoned. 

The  like  objection  may,  I conceive,  be  juftly  made  to  his 
other  two  equations  fimilar  to  that  which  is  here  particularly 
adverted  to. 

M.  I^Alembert’s  radical  errors,  in  treating  this  fubjedd, 
appear  to  me  nearly  fimilar  to  M.  Euler’s. 

Other  arguments  may  be  adduced  to  prove,  that  the  equa- 
tions affumed  by  thofe  gentlemen  are  not  well  founded.  If  the 
forces  to  turn  the  body  about  the  lines  AB,  AC,  AD  were 
each  = o,  the  velocities  about  thofe  lines  mud;  each  remain  inva- 
riable ; but  it  feems  abfolutely  impoffible  that  they  can  ever 
remain  fo,  whilft  the  angles  which  thofe  lines  make  with  the 
momentary  axis  are  each  continually  varying.  Moreover,  ac- 
cording to  their  conclufions,  the  tangent  at  P to  the  track  of 
polar  evagation,  upon  the  moveable  fpherical  furface,  will  not 
always  be  perpendicular  to  the  direction  in  which  the  pole  P 
will  be  urged  to  turn  by  the  joint  centrifugal  force  of  the  par- 
ticles of  the  revolving  body ; whereas  it  is  proved,  I prefume, 
jbeyond  a doubt,  in  my  Paper  above-mentioned,  that  the  faid 
track  will  always  be  interfered  at  right  angles  by  the  direction 
in  which  the  momentary  pole  fhall,  at  any  inftant  of  time,  be 
urged  to  turn  by  the  force  caufing  its  evagation. 

4 
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If  we  refolve  each  of  the  three  forces  H,  I,  K,  into  two 
others ; the  one  to  turn  the  body  about  the  diameter  NAN,  and 
the  other  to  turn  it  about  the  momentary  axis  PAP,  at  right 
angles  to  that  diameter ; the  forces  to  turn  it  in  the  laft  men- 
tioned dire&ion,  arifing  from  the  faid  forces  H,  I,  K,  will  be 
m m 


a 


yl 


a 


a 


3 

M 

T 

M 

3 


/7Z  4-  r2  M 

— ~ X Q flux,  of  e0  - . Befyi, 

a«T  3a 

dz-l-hz  M 

flux,  of  ey  + —a  ■ D?0yt, 
‘ 4 b X$  flux,  of  • Ce*fiyS. 


a*T  ' 3a 

The  fum  of  thefe  forces,  it  is  obvious,  muft  be  = o ; the  di- 
rection wherein  they  are  fuppofed  to  aft  being  at  right  angles 
to  that  in  which  the  body  will  be  actually  urged  to  turn  by  the 
joint  centrifugal  force  of  its  particles,  and  that  being  the  only 
force  whereby  the  motion  of  the  body  is  fuppofed  to  be  affeCted  : 

which  fum  (B  + C - D being  = o)  is,  when  divided  by 

3«4T 


dz  + c2  . /32  e + dz  + bz  . y e + cz  + bz  . lze 


= 0. 


d~  + cz  . e $ (3  -p  b"  . eyy-\-  c"  -\-b“  . e$$ 

• • • 

But  0‘j3  + yy  -{-  $$  being  before  found  = 0,  we  have 

dz  + cz  + b2  X/3j3  + yy  + ^=o  ; and  bz[3 fi  + czyy-\- d2$$  being 
alfo  found  — o ; it  evidently  follows,  that 

dz  + cz  . @@  + dz  + bz  , yy  + cz  + bz  . will  be  = o. 

Therefore  dz 4*  cz  ♦ (3ze  + dz  + b2  . ye -\-cz  + bz  . Ve  will  be  =r o : 

confequently  e will  be  = o,  and  ^‘invariable ; which  agrees  with 
what  is  faid  above  refpeCling  the  momentum  of  rotation. 

The  other  forces  arifing  by  refolution  from  the  forces  H,  I, 
K,  to  turn  the  body  about  the  diameter  NAN,  will  be 

X x 2 
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TVH 

M 

d2  + c2 

m 

M e2 

S 

e 

3a 3 

ST 

. B e y (3  + 

3“5s  * 

nm 

s 

M 

d1  + // 

• 

Me2 

— 

3fl3 

ST 

. L)e [3&y- f- 

3* 5S  ‘ 

C(3yK 

M 

c2  + b2 

* 

M 

S 

— 

~3*"3  * 

ST 

« C e $ y -p 

3«5S  * 

S 

being ; 

=VD< 

itf  nr  — BCj 

V- 

Byr, 

Da/ST, 


And,  no  external  force  being  fuppofed  to  adt  on  the  body,  it  fol- 
lows, that  the  fum  of  theie  three  forces  muft  be  = o:  there* 
fore  we  may  infer,  that 


T will  be  = — x 

e 


. 0Sy  + t4_^4  . (3yX 


bzyz2z  + d~01s2'  + C2py  * which  agree- 

ing  with  the  value  of  T found  above,  the  truth  of  our  pre- 
ceding procefs  is  thus  confirmed. 


M, 


The  force  By ^ + D‘/32^  + Cj8y,  arifing  from  thofe 

th  ree  forces,  is  the  whole  joint  centrifugal  force  of  the  particles 
of  the  revolving  body,  to  turn  if  about  the  diameter  NAN  the 
way  it  will  actually  be  urged  to  turn  by  fuch  force  ; the  value 

whereof  fo  computed  will  be  ( = ^ x \/D Wrr  - BC*y  = 

O'. 

equal  to  the  value  of  the  force  F computed  above,  both 

being  confidered  as  urging  the  body  to  turn  in  the  fame 
direction.  And  the  quantity 

T&e  ~ " : 1 7 


3*3st 


X d*  -f-  cr  . y$ (3  — d~  -\-b~  . D -j~  tv  4- A . C (2  yd 


xthe  fum  of  all  the  w2Xp)  is  the  value  of  the  motive 


a'T 


force  which,  adting  in  that  very  diredtion,  is  requifite  to  caufe 
the  momentary  pole  to  change  its  place  as  above  defcribed. 
Thus  we  fee  diftindtly  how  the  equation  arifes,  by  which  the 

value  of  T is  juft  now  determined.  1 do 
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I do  not  find  that  the  refolving  the  forces  H,  I,  K,  in  any  other 
fmnner  will  conduce  to  the  attainment  of  any  ufeful  conclufion. 

It  appears,  by  what  is  done  above,  that  the  force 

HisrixCffnm 

3 «3rt 

I is  = X BC  . Cs1  - Bra*  . y\, 

Sa3RT 

K = ^4-  x BDW5 ; 

3<23RT 

R being  = 4-D2/H2+Ch3y. 

And  it  is  obvious,  that  each  of  the  three  laft  mentioned  forces 
will  be  = o,  if  any  two  of  the  quantities  b , c,  d,  be  equal; 
two  of  the  values  of*  thofe.  forces  then  vaniihing,  by  reafon  of 
that  equality  ; and  the  third  value  alfo  vaniihing  by  either 

/§,  y,  or  <£,  being  at  the  fame  time  — o.  Therefore,  in  that 
cafe  it.  happens,  that  M.  Euler’s  computation  agrees  with 
mine:  in  every  other  cafe,  I am  clearly  of  opinion,  his  con- 
-clulions  are  not  true.  The  fame  may  be  faid  of  M.  D’Alem- 
bert’s conclufions  refpecling  the  fame  proportion. 

The.  evagation  of  the  pole  of  a revolving  body  confiddred 
above,  does  not  arife  from  gravity,  the  attraction  of  any  other 
body,  or  any  external  impulfe  whatever ; but  is  only  the  con-1  - 
fequence  of  the  inertia  of  matter , and  muft  neceflkrfly  enfue, 
according  to  the  theory  here  explained,  in  every  body  in  the 
univerfe,  after  having  been  made  to  revolve,  without  reftraint, 
about  any  line  paffing  through  its  center  of  gravity,  that  is-  not  u 
permanent  axis  of  rotation. 

The  Earth  being  neither  uniformly  denfe  nor  a perfect 
fpheroid  muft,  in  ftfiCtnefs,  be  coniidered  as  having  only  three 
permanent  axes  of  rotation,  agreeably , to  what  I have  proved 
in  my  Mathematical  Memoirs ; and,  , as  it  is  diflurbed  in  its 
rotatory  motion  by  the  attraction  of  the  fun  and  moon  (and 

other 
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other  bodies  in  our  fyftem)  ; it  follows ; that  it  will  not  conti- 
nually revolve  about  either  of  thofe  axes,  but  will  revolve,  or 
endeavour  to  revolve,  about  fucceflive  momentary  axes,  as  fhewn 
above.  If  then  its  three  permanent  axes  of  rotation  be  called 
its  firft,  fecond , and  third  axes  ; and  the  poles  of  its  firft  axis  be 
thofe  about  which  its  momentary  poles  are  carried  according  to 
our  theory  ; the  fecond  and  third  axes  will  be  in  the  plane  of  its 
equator,  the  three  being  at  right  angles  to  each  other.  There- 
fore, with  refpeft  to  the  above  theory,  this  terreflrial  mafs  muft 
be  confidered  of  fuch  a form,  that  its  equator,  and  any  fe&ion 
parallel  thereto,  fnall  rather  be  elliptical  than  circular.  And, 
denoting  its  firft,  fecond,  and  third  axes  by  b , c , d,  refpectively, 
obfervations  evince,  that  the  difference  c - b will  be  much 
greater  than  the  difference  d-c.  Whence  it  follows,  that  (fup- 
pofing  the  earth’s  rotatory  motion  to  be  difturbed  only  by  the. 
centrifugal  force  arifing  from  the  inertia  of  its  own  particles)  the 
track  of  polar  evagation  with  us  will  be  nearly  circular,  and  the 
radius  of  the  limiting  circle  very  fmall,  whether  we  have  regard 
to  the  moveable  or  immoveable  fpherical  furface  referred  to 
above  ; but  that,  in  the  latter  furface,  fuch  circle  will  be  much 
lefs  than  in  the  former  : and  it  moreover  follows,  that  the  con- 
cavity of  the  track  upon  the  moveable  furface  will  continually 
touch  and  roll  along  the  convexity  of  the  track  in  the  immove- 
able furface. 

In  other  planets,  the  tracks  of  polar  evagation  may,  from  a 
iimilar  caufe,  be  very  different.  The  theory  above  explained 
evidently  proves,  that  their  axes  of  rotation’  may  poffibly  vary 
greatly  in  poftion,  merely  through  the  inertia  of  mattery  whilft 
Providence  has  fo  ordered  it,  that  the  poftion  of  the  axes  of 
rotation  of  this  planet  lhall,  by  that  caufe,  be  but  very  little 
altered. 
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XVII.  Defcription  of  a new  Marine  Animal . In  a Letter  from 
Mr,  Everard  Home,  Surgeon , to  John  Hunter,  Efq,  F.RoS . 
With  a Poffcript  by  Mr,  Hunter,  containing  anatomical  Re~ 
marks  upon  the  fame. 


Read  March  7,  1 785. 


TO  JOHN  HUNTER,  ESQ.  F.R.S. 


BEAR  SIR, 


Sept.  20,  1784. 


I SENT  you,  about  three  years  ago,  a fea  animal  from  Bar- 
badoes,  which  was  unlike  any  one  I had  ever  feen.  From, 
the  want  of  books  and  other  information  in  that  ifland,  I was 
unable  at  the  time  to  find  out,  whether  it  was  a new  acquifi- 
tion,  or  had  been  defcribed  by  any  authors  in  natural  hiftory. 

Since  my  arrival  in  England,  I have  examined  the  libraries 
of  fome  men  of  fcience  for  an  account  of  this  animal,  and 
have  made  other  enquiries  among  the  naturalifts,  without  fuc- 
cefs.  The  fpecimen  I fent  you  was  found  on  a part  of  the 
coafl:  which  had  undergone  very  remarkable  changes,  in  confe- 
quence  of  a violent  hurricane.  Thefe  changes  were  indeed  the 
means  of  its  being  difcovered,  and  prefen t a probable  reafon  why 
it  was  not  difcovered  before.  The  extraordinary  circumstances 
which  brought  it  within  our  reach,  and  the  filence  of  all  the 
authors  on  natural  hiftory  which  I have  been  able  to  confult, 
incline  me  to  believe  it  to  be  a non-defcript.  As  the  peculiari- 
ties of  its  Uru&ure  may  add  to  the  knowledge  of  the  natural 

hiftory 
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hiflory  of  other  animals  of  this  genus,  at  prefent  fo  little  un- 
derflood, 1 have  drawn  out  a more  particular  account  of  it ; 
which,  if  you  think  it  deferves  attention,  you  may  prefent  to 
the  Royal  Society. 

This  animal  was  found  on  the  fouth-eafl  coafl  of  Barbadoes, 
clofe  to  Charles  Fort,  about  a mile  from  Bridge  Town,  in  fome 
fhoal  water,  feparated  from  the  fea  by  the  flones  and  fand 
thrown  up  by  the  dreadful  hurricane,  which  happened  in  the 
year  1780,  and  did  fo  much  mifehief  to  the  ifland. 

The  wind,  in  the  beginning  of  the  florm,  which  was  in  the 
afternoon,  blew  very  furioufly  from  the  north-weft,  making  a 
prodigious  fwell  in  the  fea;  and  in  the  middle  of  the  night 
changing  fuddenly  to  the  fouth-eafl,  it  blew  from  that  quarter 
upon  the  fea,  already  agitated,  forcing  it  upon  the  fhore  with 
fo  much  violence,  that  it  threw  down  the  rampart  of  Fort 
Charles,  which  was  oppofed  to  it,  although  thirty  feet  broad, 
by  the  burfting  of  one  fea.  It  forced  up,  at  the  fame  time,  im- 
menfe  quantities  of  large  coral  rocks  from  the  bottom  of  the 
bay,  making  a reef  along  this  part  of  the  coafl  for  the  extent 
of  feveral  miles,  at  only  a few  yards  diflance  from  the  fhore. 

The  foundings  of  the  harbour  were  found  afterwards  to  be 
intirely  changed,  by  the  quantity  of  materials  removed  from 
the  bottom  in  different  places.  In  the  reef  of  coral  was  found 
an  infinite  number  of  large  pieces  of  'brain- ftone,  containing 
the  fhell  of  this  animal ; but  the  animals  had  either  been 
long  dead,  or  more  probably  deflroyed  by  the  motion  of  the 
rocks  in  the  florm  : fome  few  of  the  brain-ftones,  however, 
that  had  been  thrown  beyond  the  reef,  and  lodged  in  the  fhoal 
.water,  receiving  lefs  injury,  the  animals  were  preferved  unhurt. 

The  animal,  with  the  fhell,  is  almofl  intirely  inclofed  in  the 
brain -ftone,  fo  that  at  the  depth  in  which  they  generally  lie, 

2 they 
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they  are  hardly  difcernible,  through  the  water,  from  the  com- 
mon furface  of  the  brain-hone  ; but  when  in  fearch  of  food 
they  throw  out  two  cones,  with  membranes  twilled  round 
them  in  a fpiral  manner,  which  have  a loofe  fringed  edge, 
looking  at  the  bottom  of  the  fea  like  two  flowers ; and  in  this 
hate  they  were  difcovered. 

The  fpecies  of  Adtinia  called  in  Barbadoes  the  Animal 
Flower,  and  common  to  many  parts  of  that  ifland,  although 
rarely  before  feen  on  this  part  of  the  coaft,  was  now  found  in 
confiderable  numbers  in  this  fhoal  water. 

The  animal  was  firft  obferved  by  Captain  Hendie,  the  officer 
commanding  Fort  Charles,  in  looking  for  (hells  which  were 
thrown  up  in  great  numbers  from  the  bottom  of  the  harbour. 
He  found  a piece  of  brain-hone  containing  three  of  them  in 
different  parts  of  it.  Some  little  time  after,  I was  lucky  enough 
to  find  another  brain-hone  with  two  in  it ; one  of  them  is  the 
fpecimen  in  your  pofleffion  ; the  other  was  dehined  for  exami- 
nation, of  which  the  following  is  the  account. 

The  animal,  when  taken  out  of  the  (hell,  including  the  two 
cones  and  their  membranes,  is  five  inches  in  length  ; of  which 
the  body  is  three  inches  and  three-quarters,  and  the  apparatus  for 
catching  its  prey,  which  may  be  confidered  as  its  tentacula, 
about  an  inch  and  a quarter. 

The  body  of  the  animal  is  attached  to  its  (hell,  for  about 
three-quarters  of  an  inch  in  length,  at  the  anterior  part  where 
the  two  cones  arife,  by  means  of  two  cartilaginous  fubftances, 
with  one  fide  adapted  to  the  body  of  the  animal,  the  other  to 
the  internal  furface  of  the  (hell : the  refl:  of  the  body  is  unat- 
tached, of  a darkiffi  white  colour,  about  half  an  inch  broad,  a 
little  flattened,  and  rather  narrower  towards  the  tail.  The 
mufcular  fibres  upon  its  back  are  tranfverfe ; thofe  on  the  belly 
Vol.  LXXV.  Y y longi- 
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longitudinal,  making  a band  the  whole  length  of  the  body,  on: 
the  edge  of  which  the  tranfverfe  fibres  running  acrofs  the  back: 
terminate. 

The  two  cartilaginous  fubftances  by  which  the  animal  ad- 
heres to  its  (hell,  are  placed  one  on  each  fide  of  the  body,  and  are 
joined  together  upon  the  back  of  the  animal  at  their  pofterior 
edges : they  are  about  three-quarters  of  an  inch  long,  are  very 
narrow  at  their  anterior  end,  becoming  broader  as  they  go 
backwards ; and  at  their  pofierior  end  they  are  the  whole 
breadth  of  the  body  of  the  animal.  Upon  their  external  fur- 
face  there  are  fix  tranfverfe  ridges,  or  narrow  folds;:  and  along 
their  external  edges,,  at  the  end  or  termination  of  each  ridge, 
is  a little  eminence  refembling  the  point  of  a hair  pencil,  fo- 
that  on  each  fide  of  the  animal  there  are  fix  of  thefe  little  pro- 
jecting ftuds,  for  the  purpofe  of  adhering  to  the  fides  of  the  fhelli 
in  which  the  animal  is  inclofed.  The  internal  furfaces  of' 
thefe  cartilages  are  firmly  attached  to  the  body  of  the  animal,  in  • 
their  middle  part,  by  a kind  of  band  or  ligament ; but  . the  upper 
and  lower  ends  are  lying  loofe. 

From  the  end  of  the  body,  between  the  two  upper  ends  of  ' 
thefe  cartilages,  arife .what  I fuppofe  to  be  the  tentacula,  confid- 
ing of  two  cones,  each. having  a fpiral  membrane  twining  round 
it:  they  are  clofe  to  each  other  at  their  bafes,  and  diverge  as 
they  rife  up,  being  about  an  inch  and  a quarter  in  length,  and 
nearly  one-fixth  of  an  inch  in  thicknefs  at  their  bafe,  and  gra-- 
dually  diminifhing  till  they  terminate  in  points..  The  mem- 
branes which  twine  round  thefe  cones  alfo  take  their  origin 
from  the  body  of  the  animal,  and  make  five  fpiral  turns  and  a . 
half  round  each,  being  loft  in,  the  points  of  the  cones ; they 
are  loofe  from  the  cone  at  the  loweft  fpiral  turn  which  they* 
make,  and  are  nearly  half  an  inch  in. breadth;  they  are  exceed- 

ingly. 
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dngly'  delicate,  and  have  at  fmall  diftances  fibres  tunning  acrofs 
them  from  their  attachment  at  the  flem  to  the  loofe  edge, 
which  gives  them  a ribbed  appearance.  Thefe  fibres  are  conti- 
nued about  one-tenth  of  an  inch  beyond  the  membrane,  having 
their  edges  finely  ferrated,  like  the  tentacula  of  the  Aflinise 
found  in  Barbadoes  : thefe  tentacula  fhorten  as  the  fpiral  turns 
become  fm  a-ller,  and  are  entirely  loft  in  that  part  of  the  mem- 
brane which  terminates  in  the  point  of  the  cone. 

Behind  the  origin  of  thefe  cones  arifes  a fmall  fhell,  which-, 
for  one-fixth  of  an  inch  from  its  attachment  to  the  animal,  is 
very  {lender ■:  it  is  about  three  quarters  of  an  inch  in  length, 
Becoming  confiderably  broader  at  the  other  end,  which  is  flat, 
and  about  one-third  of  an  inch  broad ; the  flattened  extremity 

/ J 

is  covered  with  a kind  of  hair,  and  has  riling  out  of  it  two 
fmall  claws,  about  one-fixth  of  an  inch  in  length.  If  the  hair, 
and  mucus  entangled  in  it,  be  taken  away,  this  extremity  of  the 
fhell  becomes  concave,  is  of  a pink  colour,  and  the  two 
claws  rifing  out  from  its  middle  part  have  each  three  fhort 
branches,  not  unlike  the  horns  of  a deer.  The  body  of  this 
fhell  has  a foft  cartilaginous  covering,  with  an  irregular  but 
polifhed  furface  : on  this  the  cones  reft  in  their  coliapfed  ftate, 
in  which  ftate  the  whole  of  the  fhell  is  drawn  into  the  cavity  of 
the  brain-ftone,  excepting  the  flattened  end  with  the  two 
claws. 

Before  the  cones  there  is  a thin  membrane,  which  appears  to 
be  of  the  fame  length  with  the  fhell  juft  defcribed.  In  the  col- 
dap  fed  ftate  it  lies  between  the  cones  and  the  fhell  in  which  the 
animal  is  inclofed ; but,  when  the  tentacula  are  thrown  out,  it 
is  alfo  protruded. 

The  (hell  of  this  animal  is  a tube,  which  is  very  thin,  and 
adapted  to  its  body : the  internal  furface  is  fmooth,  and  of  a 
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pinkifh.  white  colour : its  outer  fur  face  is  covered  by  the  brayi- 
ffone  in  which  it  is  incldfed,  and  the  turnings  and  windings 
which  it  makes  are  very  numerous.  The  end  of  the  fhell, 
which  opens  externally,  rifes  above  the  furface  of  the  hone  on 
one  fide  half  an  inch  in  height,  for  about  half  the  circum- 
ference of  the  aperture,  bending  a little  forwards  over  it,  and 
becoming  narrower  and  narrower  as  it  goes  up,  terminating  at 
laff  in  a point  juft  over  the  center  of  the  opening  of  the  fhell ; 
on  the  other  fide  it  forms  a round  margin  to  the  furface  of  the 
brain-hone.  This  part  of  the  fhell  is  much  thicker  and 
hronger  than  that  part  which  is  inclofed  in  the  brain-hone:  its 
outer  furface  is  of  a darkifh  brown  colour ; its  inner  of  a 
pinkifh  white. 

The  animal,  when  at  reh,  is  wholly  concealed  in  its  fhell ; 
but  when  it  feeks  for  food,  the  moveable  fhell  is  pufhed  {lowly 
out  with  the  cones  and  their  membranes  in  a collapfed  hate  ; 
and  when  the  whole  is  expofed,  the  moveable  fhell  falls  a little 
back,  and  the  membrane  round  each  of  the  cones  is  expanded, 
the  tentacula  at  the  bafes  of  the  cones  having  juh  room  enough 
to  move  without  touching  one  another.  The  thin  membrane 
which  lay  between  the  cones  and  the  inclofing  fhell  is  pro- 
truded in  the  form  of  a fold,  and  lies  over  the  external  fhell 
which  projedls  from  the  brain-hone. 

The  membranes  have  a flow  fpiral  motion,  which  continues 
during  the  whole  time  of  their  being  expanded ; and  the  ten- 
tacula  upon,  their  edges  are  in  conftant  adtion.  The  motion  of 
the  membrane  of  the  one  cone  feems  to  be  a little  different 
from  that  of  the  other,  and  they  change  from  the  one  kind  of 
motion  to  the  other  alternately,  a variation  in  the  colour  of 
the  membrane  at  the  fame  time  taking  place,  either  becoming 
a fhade  lighter  or  darker  ; and  this  change  in  the  colour,  while 

the 
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the  whole  is  in  motion,  produces  a pleafing  effect,  and  is  mod 
striking  when  the  fun  is  very  bright.  The  membranes,  how- 
ever, at  fome  particular  times  appear  to  be  of  the  fame  colour. 

While  the  membranes  are  in  motion,  a little  mucus  is  often 
fepa rated  from  the  tentacula  at  the  point  of  the  cone.  Upon 
the  lead  motion  being  given  to  the  water,  the  cones  are  imme- 
diately, and  very  fuddenly,  drawn  in. 

This  apparatus  for  catching  food  is  the  mod  delicate  and 
complicated  that  I have  fee n ; but'  I fhall  not  trouble  you  with 
any  conje&ures  upon  what  that  food  may  be,  as  I have  not 
attained  diffident  knowledge  of  the  animal  to  fpeak  with  the 
fmalled  certainty. 

I have  endeavoured' to  defcribe  the  external'  appearances  as  I 
faw  them;  and  have  annexed  two  drawings  of  the  animal 
in  its  two  different  dates,  one  in  fearch  of  food,  and  one  while 
lying  at  red;  thefe  are  a little  magnified,  to  fhow  the  parts 
more  didin £lly. 

I fhall  not  fay  any  thing  of  the  internal  parts,  or1  their  ufes;, 
as  the  animal  is  in  your  poffedion,  who  are  fo  much  better  able 
to  explain  its  internal  (economy. 

lam,  See. 

EVERARD  HOME.. 
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'POSTSCRIPT, 

BY  JOHN  HUNT  E U,  E S F.  R,  S. 

ANIMALS  which  come  from  foreign  countries,  and  can1® 
'not  be  brought  to  England  alive,  mu  ft  be  kept  in  fpirits  to 
preferve  them  from  putrefaction,  which  makes  them  lefs  fitted 
for  anatomical  examination ; for  the  fpirits,  which  preferve 
them,  produce  a change  in  many  of  their  properties,  and  alter 
the  natural  colours,  and  texture  of  the  parts,  fo  that  often 
the  ftruCture  alone  of  the  animal  can  be  afcertained  ; and  where 
this  is  not  naturally  diftinct,  it  becomes  frequently  intirely  ob- 
fcured,  and  the  texture  of  the  finer  parts  is  wholly  defiroyed, 
requiring  a very  extenfive  knowledge  of  fuch  parts  in  animals 
at  large,  to  aflifr  us  in  bringing  them  to  light : this  happens  to 
be  the  cafe  with  the  animal  whofe  diffe&ion  is  the  fubjecb  of 
this  Poflfcript. 

The  animal  may  be  faid  to  confiff  of  a flefhy  covering,  a 
flomach  and  inteftinal  canal,  and  the  two  cones  with  their  ten- 
tacula  and  moveable  fliell,  which  laid  may  be  confidered  as  ap- 
pendages. 

The  body  of  the  animal  is  flattened,  and  terminates  in  two 
edges,  which  are  interfered  by  rugre,  the  fafciculi  of  tranfverfe 
mufcular  fibres  which  run  acrofs  the  back  being  continued 
over  them.  Upon  each  of  thefe  edges  is  placed  a row  of  fine 
hairs,  which  projeCt  to  dome  diftance  from  the  fkin. 

The  fiefhy  covering  confifts  principally  of  mufcular  fibres  : 
■thofe  upon  the  back  are  placed  tranfverfely,  to  contra#  the  body 
•5  laterally-? 
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laterally  ; thofe  on  the  belly  longitudinally,  to  fhorten  the  ani- • 
mal  when  flretched  out,  and  to  draw  it  into  thefhelh 

The  ffomach  and  inteffine  make  one  Hraighf  canal : the  ante- 
rior end  of  this  forms  the  mouth,  which  opens  into  the  grooves 
made  by  the  fpiral  turns  of  the  tentacula  round  the  Hem  of 
each  of  the  cones ; and  the  inteffine  at  the  pofterior  end  opens 
externally,  forming  the  anus.  From  the  contradled  Hate  of 
the  animal,  the  inteffine  is  thrown  into  a number  of  folds. 

On  examining  the  cones  and  the  tentacula,  I at  fir  ft  believed 
that  the  fpiral  form:  arofe  from  theirbeing  in  a contradled  Hate;, 
and  that,  when  the  ten  tacula.  were  eredted,  the  cone  untwiffed,. 
forming  a longer  cone  with  the  tentacula  arifing  from  its  fides, . 
like  the- plume  from  the-ffem  of  a feather;  and  that  this  Hem 
was  drawn  in -or  Ihortened  by  means -of  a imifcle  palling  along; 
the  center,  which  threw  the  tentacula  into  a fpiral  line,  fimilar ' 
to  the  penis’s  of  many  birds  ; but  how-  far  this  is  really  the- 
"cafe,  I have  not  been  able  to  afeertain.. 

The  internal  ffrudture  of  this  animal,  like  moff  of  thofe 
which  have  tentacula,.  is  very  fimple  ; it  differs,  however,  ma- 
terially from  many,  in  having  an  anus,  moff  animals  of  this 
tribe,  as  the  Polypi,  having  only  one  opening,  by  which  the 
food  is  received,  and  the  excrementitious  part  of  it  alfo  after- 
wards thrown  out  ; this  we  muff  have  fuppofed,;  from  analogy, 
to  take  place  in  the  animal  which  is  here  deferibed,  more  parti- 
cularly fince  it  is  inclofed  in  a hard  fhell,  at  the  bottom  of 
which  there  appears  to  be  no  outlet ; . but  as  there  is  an  anus 
this  cannot  be  the  cafe. 

it  is  veiy  lingular,  that  in  the  Leach,  Polypi,  &c.  where  no  1 
.apparent  inconvenience  can  arife  from  having  an  anus,  there 
is  not;  one,  while  in  this  animal,  where  it  would  leem  to  ■ 
be  attended  with  many,  .we  find  one  ; but  there  being  no  anus 
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in  the  Leach,  Polypi,  &c.  may  depend  upon  fome  circumftance  la 
the  animal  oeconomy  which  we  are  at  prefent  not  fully  ac- 
quainted with. 

The  univalves,  whofe  bodies  are  under  fimilar  circumftances 
refpecting  the  (hell- with  this  animal,  have  the  iriteftine -refle&ed 
back,  and  the  anus,  by  that  means,  brought  near  to  the  exter- 
nal opening  of  the  fhell,  the  more  readily  to  difcharge  the  ex- 
crement ; and  although  this  ftrubture,  in  thefe  animals,  appears 
to  be  folely  intended  to  anfwer  that  purpofe,  yet  when  we  find 
the  fame  ftrudture  in  the  black  Snail,  which  has  no  fhell,  this 
re  a foiling  will  not  wholly  apply,  and  we  muft  refer  it  to  fome 
other  intention  in  the  animal  oeconomy. 

In  this  animal  we  muft  therefore  reft  fatisfied  that  the  disad- 
vantageous fituation  of  the  anus,  with  refpefl  to -the  excrement’s 
being  difcharged  from  the  fhell,  anfwers  fome  purpofe  in  the 
oeconomy  of  the  animal,  which  more  than  counter-balances  the 
inconveniences  produced  by  it. 

It  would  appear,,  from  confidering  all  the  circumftances, 
that  the  excrement  thrown  out  at  the  anus  muft  pafs  from  the 
tail  along  the  infide  of  the  tube,  between  it  and  the  body  of 
the  animal,  till  it  comes  to  the  external  opening  of  the  fhell,  as 
there  is  no  other  evident  mode  of  difcharging  it. 

How  the  tube  or  fhell  is  formed  in  ftone  or  coral  is  not  eafily 
afcertained.  It  may  be  afked,  whether  this  animal  has  the 
power  of  boring  backwards  as  the  Teredo  Navalis  probably 
does,  or  whether  the  ftone  or  coral  is  formed  at  the  fame  time 
with  the  animal,  and  grows  and  increafes  with  it  : and  if  we 
confide r all  the  circumftances,  this  laft  would  appear  to  be  moft 
probable,  and  agree  heft  with  the  different  phenomena  ; for  the 
coral  is  lined  with  a fhell,  which  could  not  be  the  cafe  if  the 
animal  was  .continually  increafing  this  hole,  both  in  length  and 

i breadth, 


on  a new  Marine  Animal. 

breadth,  ill  proportion  to  its  growth  ; but  if  the  coral  and  the 
animal  increafe  together,  it  is  then  fimilar  to  the  growth  of  all 
fliells,  whether  bivalve  or  univalve. 

The  animal  does  not  appear  to  have  the  power  of  increafmg 
its  canal,  being  only  compofed  of  foft  parts.  This,  however, 
is  no  argument  again  A:  its  doing  it,  for  every  fheii  fifn  has  the- 
power  of  removing  a part  of  its  fliell,  fo  as  to  adapt  the  new 
and  the  old  together ; which  is  not  done  by  any  mechanical 
power,  but  by  abforption. 

The  tribe  of  animals  which  have  tentacula  confifls  of  an 
slmoft  infinite  variety,  and  many  of  the  fpecies  have  been  de- 
fcribed.  Of  that  kind,  however,  which  has  the  double  cones,  I 
believe  hitherto  no  account  has  been  given.  It  is  moft  pro- 
bably to  be  found  in  the  feas  furrounding  the  different  iflands 
in  the  Wed:  Indies ; for  I received  an  animal,  fome  years  ago, 
from  Mr.  Oliver,  furgeon,  at  Tenby  in  Pembrokefhire, 
which  he  had  procured  from  a gentleman  at  St.  Vincent’s  ; 
which,  upon  examination,  proves  to  be  the  fame  animal  with 
that  above  defcribed,  only  that  the  moveable  fliell  is  wanting. 

Since  I began  this  Poftfcript,  I find  there  is  a defcription  of 
a double-coned  Terebella,  publifhed  by  the  rev.  Mr.  Cordi- 
ng* at  Bamf  in  Scotland,  which  was  found  upon  that  coafl: ; 
in  which  the  cones  have  their  tentacula  palling  out  from  the 
end,  and  when  eredled  they  fpread  from  the  cone  as  from  a 
center.  This  proves  that  the  double-coned  tentacula  alfo  have 
different  fpecies. 
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EXPLANATION  OF  THE  FIGURES,  TAB.  XL 

FIG.  I. 

A drawing  of  the  animal  after  death,  as  it  appeared  in  fph 
rits,  a little  magnified. 

A.  The  under  fide  of  the  body. 

BB.  The  cartilages  which  attach  the  animal  to  the  fides  of 
the  cavity  in  which  it  lies. 

C.  One  of  the  cones  covered  by  its  membrane  in  a collapfed 
ttate. 

D.  The  lowed;  fpiral  turn  of  the  membrane  and  its  ten- 
tacula  fpread  out. 

EE.  The  cut  edges  of  the  divided  membrane,  which  are 
turned  on  each  fide  to  fhew  the  cone. 

F.  The  cone  as  it  appears  in  the  intervals  between  the  fpiral 
turns  of  the  membrane. 

G.  The  moveable  (hell,  with  the  fmooth  cartilaginous  cover- 
ing, in  an  outfide  view. 

H.  The  flattened  end  of  the  moveable  fhell,  with  hair  upon 
it. 

II.  The  two  claws  that  arife  from  the  furface  of  the  flattened 
end  of  the  moveable  fhell. 

K.  The  anus,  into  which  a hog’s  brittle  is  introduced. 

FIG.  II. 

A drawing  of  the  animal,  with  its  tentacula  expanded  in 
fearch  of  food,  as  it  appears  in  the  fea ; taken  from  a fketch 
made  in  Barbadoes,  where  no  draughtfman  could  be  procured 
4 while 
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while  the  animal  was  alive.  This  aifb  is  larger  than  the 
animal. 

a.  The  fort  of  brain-done  in  which  the  animal  was  cl  Un- 
covered. 

b.  The  external  prominent  (hell. 

cc.  The  membrane  which  is  protruded  with  the  cones  and 
moveable  (hell,  and  makes  a fold  over  the  edges  of  the  promi- 
nent (hell. 

dd . The  membranes  and  tentacula  in  a (fate  of  expanfion. 

e.  The  inner  fide  of  the  moveable  (hell,  as  it  appears  when 
protruded. 

f The  hole  in  the  brain-done  as  it  appears  when  the  promi- 
nent (hell  is  broken  off,  and  which  may  be  feen  in  many  fpeci- 
mens  of  brain-done. 
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XVIII.  A Defcription  of  a new  Syfiem  of  IV ires  in  the  Focus  of  a 
T ? left  ops,  for  obferving  the  comparative  Right  Afcenfions  and 
Declinations  of  codefial  Objects ; together  with  a Method  of  in- 
vefiigating  the  fame  when  obferved  by  the  Rhombus , though  it 
happen  not  to  be  truly  in  an  equatorial  Poftion.  By  the  Rev 
Francis  Wollafton,  LL.B.  F.R.S l 


Read  April  7,  1785. 

IN  Conference  of  a paper  communicated  the  laft  year  to» 
this  Society,  and  honoured  with,  a place  in  our  Tranfadlions,, 
it  may  be  expe&ed  of  me,  that  I fhould  now  deliver  in  an  ac- 
count of  what  farther  observations  I have  made  on  that  con- 
ftellation  of  which  I then  gave  a rough  map.  This  I readily 
would  do,  if  they  were  in  any  degree  worthy  of  the  Society’s 
notice.  But  as  yet  they  are  far  from  perfedt : how  much  better 
they  may  fucceed  hereafter,  time  muft  fhew.. 

Yet  has  this  year  perhaps  not  quite  been  loft  ; the  difficulties 
which  difappointed  my  hopes,  having  led  to  what  appears  to  me 
an  improvement  in  the  inftrument  with  which  to  purfue  fuch> 
obfervations. 

My  deftgn,  as  was  hinted  in  that  Paper,,  was  to  afeertain,  as- 
well  as  I was  able,  the  right  afcenfions  and  decimations  of  the 
ftars  I had  laid  down  ; by  obfervmg  their  meridian  paffages  and 
meridian  altitudes , where  that  could  be  done  with  fuch  fmall 
inftruments  as  mine ; as  alfo  by  their  comparative  pajfages 

through  the  field  of  an  equatorial  telefcope  furmfhed  with  a 
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fyfiem  of  wires  invented  by  Dr.  Bradley,  and  called  by  the 
French  Reticule  Rhsmboide , whence  it  has  commonly  obtained 
in  Engliffi  the  name  of  the  Rhomboid. 

In  the  former  I was  difappointed  by  the  weather ; which  from 
the  time  I went  into  the  country,  in  the  middle  of  May,  till 
the  end  of  June,  when  that  conftellation  came  to  the  meridian 
in  the  day-light,  afforded  me  very  few  evenings  fit  for  obfer- 
vation. 

In  the  latter  I failed,  through  the  imperfection  of  my  infirru - 
ment,  or  my  own  want  of  (kill  in  the  ufe  of  it ; for  though 
a fingle  fet  of  obfervations  in  any  one  evening  would  appear 
very  good,  yet  when  reduced  by  calculation,  and  confronted 
with  other  repeated  trials,  they  never  gave  me  the  fatisfadion 
I wifiied. 

The  rhombus  (for  a rhombus,  and  not  a rhomboid,  it  ought 
moft  properly  to  be  called)  is  very  good  in  theory ; but  very 
difficult  to  get  executed  with  precifion,  and  liable  to  fome  inac- 
curacy in  the  obfervation.  The  truth  of  it  depends  upon  the 
longer  diagonal  being  exadly  twice  the  length  of  the  ffiorter 
one  ; which  requires  an  aukward  angle  (530  f 48")  at  the  ver- 
tex, not  eafily  to  be  hit  by  the  workmen,  and  therefore  feldom 
fufficie ntly  tiue.  Befide  this,  as  the  fides  of  the  rhombus,  on 
which  depends  the  calculation  for  differences  of  declination,  are 
but  26°  33/  54"  declining  from  the  perpendicular  or  horary 
wire,  a very  fin  all  error  in  obferving  the  paffage  of  a ffar 
makes  a very  material  difference  in  the  refult. 

This  determined  me  upon  making  trial  of  a fquare  placed 
angularly  (an  addition  to  M.  Cassini’s  wires  at  450,  asmay  be 
feen  in  tab.  XII.  fig.  1.)  which  fee  ms  to  anfwer  better..  I 
muff  confefs  I have  not  yet  had  opportunity  for  trying  it  fo 
completely  as  I could  wifli : but  I was  unwilling  to  let  this 

year 
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year  flip  by,  without  making  it  known  ; flnce,  I think,  from 

what  I have  done  with  it,  I may  be  confident  of  its  utility*. 

The  properties  and  advantages  of  fuch  a fyftem  of  wires 
fcarcely  need  to  be  pointed  out  to  aftronomers.  The  whole  ex- 
tent of  the  field  is  employed  as  it  is  in  the  rhombus  (the  want 
of  which  was  (aid  to  be  Dr.  Bradley’s  objection  to  M.  Cas- 
sini’s wires)  ; but  being  formed  of  right  angles  or  half- right 
angles,  to  which  workmen  are  moft  accufromed,  they  will 
always  be  apt  to  execute  their  part  better ; and  the  obliques, 
from  the  differences  being  juft  double  to  what  they  are  in  the 
rhombus,  give  the)  comparative  declinations  with  twice  the 
certainty.  To  this  the  number  of  correfponding  obfervations 
in  the  paffage  of  every  ftar  add  confiderably ; lince  you  may 
calculate  its  diftance  from  the  center  C,  from  the  angle  D or  E? 
or  from  one  of  the  intermediate  angles  K,  as  you  thall  fee  occa- 
fion.  The  fame  indeed  you  may  do  in  the  rhombus  from  D or 
from  E;  or,  if  the  rhombus  be  formed  of  wires,  from  the 
angle  at  L,  fig.  2. ; but  only  with  half  the  precifion.  The 
refult  of  a Angle  paffage  of  any  one  ftar  (excepting  towards  the 
extremities  of  the  field)  gives  the  extent  of  the  field  equally  in 
each,  provided  the  declination  of  the  ftar  be  known,  by  de- 
ducing its  diftance  from  thofe  feveral  angles ; and  fuch  deduc- 
tions ferve  as  a ftill  farther  check  upon  every  obfervation ; be- 

What  is  here  offered  is  by  no  means  to  be  underflood  as  recommending  any 
fvflem  of  wires  in  preference  to  adtual  meafurement  with  a micrometer,  but  to 
render  the  ufe  of  them  as  convenient  as  may  be  to  fuch  gentlemen  as  are  not 
provided  with  better  inftruments.  The  equatorial  micrometer  with  a large  field 
(fuch  as  I have  feen  at  Mr.  Aueert’s,  of  Mr.  Smeaton’s  conftru&ion)  I take  to 
be  the  bell  inflrument  for  taking  differences  of  right  afcenfion  and  declination 
out  of  the  meridian  j and  far  fuperior  to  any  fyflem  of  fixed  wires,  or  indeed  to 
any  equatorial  fe&or  whatever. 
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caufe,  if  any  part  of  it  be  thought  doubtful,  its  tallying  or  not 
tallying  with  the  known  extent  of  the  field  will  drew  whe- 
ther there  be  any  error,  or  where  it  lies.  And,  in  each  of 
them,  the  parallel  wires  will  tell  you  whether  the  placing  of 
your  indrument  be  true  or  faulty  ; becaufe,  if  truly  made  and 
truly  fet,  the  fame  dar  mud:  take  the  fame  time  inpaffing  from 
one  wire  to  its  correfponding  parallel ; which  will  differ  confi- 
derably,  and  in  every  ftar  the  fame  way,  if  the  pofition  be 
faulty. 

Some  of  thefe  latter  remarks  might  have  been  fpared,  but 
that  they  may  ferve  as  hints  to  fuch  gentlemen  as  may  be  in- 
clined to  lend  their  adidance  to  what  was  propofed  the  lad 
year,  and  who  may  not  have  confidered  the  many  helps  to  be 
derived  from  a crofs  examination  of  the  obfervations  they  make. 
For  their  life  alfo  it  may  be  proper  to  add,  what  indeed  is  no- 
thing new,  that  if  the  pofition  of  the  inftrument  be  found 
erroneous,  the  formula  given  by  M.  de  la  Lande  in  his 
Adronomy  will  ferve  to  rectify  the  obfervation.  Calling  the 
larger  interval  between  the  paflage  of  any  oblique  and  the  ho- 
rary wire  and  the  fmaller  one  »,  * nzm  will  give  the  dif- 

ference  of  declination  (in  time,  to  be  converted  into  degrees, 
and  multiplied  by  the  cofine  of  declination)  from  the  angle 

where  that  oblique  meets  the  horary ; and  — the  dif- 

J m + C“ 

ference  in  right  afcenfion  from  the  fame  angle.  It  mud  furely 
be  almod  needlefs  to  mention,  that  where  the  pofition  is  true, 
half  the  interval  of  time  between  a dar’s  paffing  any  two  cor- 
refponding obliques,  converted  into  degrees,  and  multiplied  by 
the  cofine  of  decimation,  will  give  the  difference  m declination 
of  that  dar  from  the  angle  where  thofe  obliques  meet,  as  the 
whole  interval  does  in  the  rhombus. 


But 
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Bat  It  may,  perhaps,  he  of  fervice  to  afironomy,  or  at  lead 
not  unacceptable  to  thofe  gentlemen  who  ufe  the  Rhombus, 
that  I fhould  fubjoin  another  formula  (contrived  for  me  the  lad 
fu miner  by  my  Son,  now  Mathematical  Lefturer  at  Sidney 
College,  Cambridge)  for  investigating  the  comparative  right 
afcenlions  and  declinations  of  dars  obferved  by  it,  when  the 
indrument  is  not  placed  truly  in  the  plane  of  the  equator.  I 
was  led  into  w idling  for  fome  fuch  formula,  in  confequence  of 
an  ingenious  Paper,  kindly  communicated  to  me  by  Sir  H.  C. 
Englefield,  Bart.  F.  R.  S.  giving  an  account  of  his  method 
of  doing  it  by  a fcale  and  figure ; which,  though  very  eafy 
when  one  is  provided  with  fuch  a fcale,  appeared  to  me  to  be  of 
lefs  general  ufe  than  by  calculation  ; and  I do  not  know  that 
any  thing  of  the  kind  is  to  be  met  with  in  any  publication. 

Let  the  angle  DLL,  fig.  2.  (which,  by  condru&ion,  is 
63°  26'  6")  be  called  - - a 

The  diagonal  LL  (whofe  extent,  that  is,  what  portion  of 
a great  circle  it  comprehends,  mud  be  known  to  theobferver) 

be  called  - ^ 

The  larger  interval  obferved  between  the  paflage  of  a dar 


by  an  oblique  and  the  horary  wire  (as  b c)  - m 

The  fmaller  ditto  of  the  fame  dar  (as  cd)  - n 

The  larger  ditto  of  another  dar  (as  jG  y)  «*  - 

The  fmaller  ditto  (as  y $)  - - - v 


rn^-n  ° 

with  a parallel  of  declination  : call  this  q 
The  angle  q being  thus  found,  then 


2 • n ^ v x fin-  M3,  y mf.  n,  ~ difference  in  declination  between  the 
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two  points  on  the  vertical  wire  where 

thofe 


1 
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thofe  ftars  pafs  it.  N.  B.  This  be- 
ing in  time  muff  be  converted  into 
• degrees , and  multiplied  by  cofine  of 

declination  as  ufual,  to  give  the  true 
difference  in  declination  between  theN 
ffars. 

And  the  fame  expreffion,  viz. 


‘A- n p y x fin.  <7  = the  difference  in  JR.  between  thofe  two 

R x iin.  a 1 

points ; to  be  applied  as  a correflion 
to  the  obferved  times. 

The  fame  may  be  done  by  the  larger  intervals  in  and  y,  only 
by  fubffituting  a -q  in  the  place  of  a + q,  thus : 


2 . m & ju,  X fin.  a — q 

R x fin.  a 


X cof.  q — difference  in  declination  as  above  ; 


or x fin.  q — afcenfional  difference. 

If  the  ftars  differ  too  much  in  declination  to  come  within 
the  expreffion  above  (as  N°  2.  and  3.)  then  the  differences  of 
the  angles  D and  E in  declination  and  right  afcenfion  may  be 
found  thus: 


— c°f’  q = difference  in  declination  between  D and  E $ 

? = their  afcenfional  difference  ; 

K 

and  the  difference  of  each  ftar  from  its  refpe&ively  neareft 
angle  of  the  rhombus,  may  be  deduced  by  the  former  expref- 
fion, leaving  out  the  confideration  of  the  other  ftar,  thus : 

2_.  wxfm.  a + q CQp  _ cpfference  0f  the  ftar  jn  declination 
R x fin.  a 1 

from  its  neareft  angle. 

and  . . . x fin.  q = its  difference  in  right  afcenfion. 

The  application  of  thefe  formulae  is  very  eafy:  for  having 
0 und  q , if  you  fet  down  its  cofine  in  one  column  for  declina- 
Yol,  LXXV.  A a a tions, 
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tr6h,  and  its  fine' in  another  column  for  right  afeenfi on,  and 

under  each  the  conftant  fin.  a + q,  and  the  arithmetical  compl. 
of  fin.  a ; thefe  being  added  together  will  make  two  fums, 
for  the  comparative  obfervations  of  every  ftar  which  may  pals 
your  field  ; and,  unlefs  your  field  be  very  large,  and  the  decli- 
nation of  the  flats  very  great,  if  to  the  column  for  declination 
vou  add  the  coline  of  decimation  of  the  center  of  your  field,  it 

j 

will  adapt  itfelf  to  all  the  produfts. 

FRANCIS  WOLLASTON. 

Charter-houle-Sqtiare, 

March  15,  1785. 


POSTSCRIPT. 

SINCE  the  delivery  of  this  Paper,  it  has  occurred  to  me, 
that  it  may  fometimes  be  convenient  to  know  the  angle  of 
deviation  from  the  true  equatorial  pofition  in  the  new  fyflem  of 
wires.  This  is  to  be  deduced  nearly  in  the  fame  manner  as  in 

the  rhombus ; for  ^1?  = tang.  q.  By  this  angle  any  obferved 

differences  in  right  afeenfion  may  be  corrected  : for  the  dif- 
ference in  declination  between  any  two  ftars  (or  their  dif- 
ference from  the  angle)  multiplied  by  fin.  q,  will  give  the  cor- 
rection required.  1 


I 


* 


"\ 


< 


» 
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XIX.  An  Account  -of  a * Stag's  Head  and  Horns , found  dt  Alpart, 
in  the  Pcirijh  of  Youlgreave,  in  the  County  of  Derby.  In  a 
Letter  from  the  Rev » Robert  Barker,  B.D . to  John  Jebb,  M.D , 


Read  Ap  ril  14,  1785. 

ABOUT  five  years  ago,  dome  men  working  in  a quarry  of 
that  kind  of  hone  which  in  this  part  of  the  country  we  call 
tuft  at  about  five  or  fix  feet  below  the  fur  face*  in  a very 
folid  part  of  the  rock,  met  with  feveral  fragments  of  the  horns 
and  bones  of  one  or  different  animals.  Amongft  the  reft,  out 
of  a large  piece  of  the  rock-,  which  they  got  entire,  there  ap- 
peared the  tips  of  three  or  four  horns,  projecting  a few  inches 
from  it,  and  the  fcapula  of  fome  animal  adhering  to  the  outfide 
of  it.  A friend  of  mine-,  to  whom  the  quarry  belongs,  fent 
the  piece  of  the  rock  to  me  in  the  ftate  they  got  it,  in  which  I let 
It  remain  for  fome  time.  But  fufpeCting  that  they  might  be  tips 
of  the  horns  of  fome  head  enclofed  in  the  lump,  I determined 
to  gratify  my  cu'fiofity  by  clearing  away  the  ftone  from  the  • 
horns.  On  doing  which  I found  that  the  lump  contained 
a very  large  ftag’s  head,  with  two  antlers  upon  each  horn,  in 
very  perfect  prefervation,  inclofed  in  it. 

* Tuft  is  a ftone  formed  by  the  depofit  left  by  water  paffing  through  beds 
of  fticks,  roots,  vegetables,  &c.  of  which  there  is  a large  ftratum  at  Matlock 
Bath,  in  this  county, 

A a a 2 Though 
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Though  the  horns  are  fo  much  larger  than  thofe  of  any  flag; 
I have  ever  feen,  yet,  from  the  futures  in  the  Ikull  appearing 
very  diftindt  in  it,  one  would  fuppofe  that  it  was  not  the  head 
of  a very  old  animal.  I have  one  of  the  horns  nearly  entire, 
and  the  greateff  part  of  the  other,  but  fo  broken  in  the  getting 
out  of  the  rock,  that  one  part  will  not  join  to  the  other,  as  the 
parts  of  the  other  horn  do.  The  horns  are  of  that  fpecies 
which  park-keepers  in  this  part  of  the  country  call  throffle-neft 
horns,  from  the  peculiar  formation  of  the  upper  part  of  them,, 
which  is  branched  out  into  a number  of  Ihort  antlers  which  form 
an  hollow  about  large  enough  to  contain  a thrufh’s  neff.  I fend 
you  the  dimenfions  of  the  different  parts  of  them,  compared 
with  the  horns  of  the  fame  fpecies  of  a large  ffag,.  which  have 
probably  hung  in  the  place  from  whence  1 procured  them  two- 
or  three  or  perhaps  more  centuries ; and  with  another  pair  of  horns, 
of  a different  kind,  which  are  terminated  by  one  (ingle  pointed 
antler,  and  which  were  the  horns  of  a feven-year-old  ffag. 

The  river  Larkell  runs  down  the  valley,  and  part  of  it  fallk 
into  the  quarry  where  thefe  horns  were  found,  the  water  of 
winch  has  not  the  property  of  incruffing  any  bodies  it  paffes. 
through.  It  is  therefore  probable,,  that  the  animal'  to  which 
thefe  horns  belonged  was  wafhed  into  the  place  where  they 
were  found,  at  the  time  of  fome  of  thofe  convulsions  which 
contributed  to  raife  this  part  of  the  ifland-  out. of  the  fea.  Be- 
tides this  complete  head,  I have  feveral  pieces  of  horns,  bones, 
(particularly  the  fcapula  I mentioned' above)',  and  Several  ver- 
tebra; of  the  back,  found  in  the  fame  quarry  ; fome,  if  not  all,, 
of  them  probably  belonging  to  the  animal  whofe  head  is  in  my 
pofieffion. 


Dimen*- 
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JDimenfons  of  the  horns  found  at  Alport. 

Ft.  Iii 

A 


'Circumference  at  their  infertion  into  the  corona,  . o 9I- 
Length  of  the  loweft:  antler,  * . ,12 

Length  of  fecond  ditto,  . . . oil 

Length  of  third  ditto,  . . I 1 

Length,  of  the  horn,.  . * ^ 3 3 


JDimenfons  of  a large  pair  of  throfle-nef  horns.. 

Circumference  at  their  infertion  into  the  corona. 
Length  of  the  loweft  antler,  * * 

Length  of  fecond  ditto,  . . * 

Length  of  third  ditto,  * * ♦ 

Length  of  the  horn,..  * * * * 

Dimenfons  of  the  horns  of  a fag  feven  years  old l 


Circumference  at  their  infertion  into  the  corona,  ► o 5I 
Length  of  the  loweft  antler,  r o 9 

Length  of  fecond  ditto,  . «.  » 010 

Length  of  third  ditto,  • * 010 

Length  of  the  horn,  . * « « 2.  8| 

Youlgreave,  Jan.  23,  1785. 
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XX.  An  Account  of  'the fertfitive  Quality  of  the  Tree  Averrhoa 
Cara-mboki.  In  a Letter  Jrmn  Robert  Bruce,  M.D.  to  Sir 
Joteph  Banks,  Bari . P.R.S. 

Real!  April  14,  ’1785. 

f"  1 ~S  pi X Averrhoa  Cararabola  of  Rinnieus,  a tree  called  in 
I Bengal  the  Camruc  or  Cam  run  ga,  is  pofleffed  of  a power 
fomewhat  limilar  to  thole  lpecies  of  Mimofa  which  are  termed 
fen  fit  ice  plants ; its  leaves,  on  being  touched,  move  very  per- 
ceptibly. 

In  the  Mimofa  the  moving  faculty  extends  to  the  branches ; 
but,  from  the  hardnefs  of  the  wood,  this  cannot  be  expected  in 
the  Camrunga,  The  leaves  are  alternately  pinnated,  with  an 
odd  one ; and  in  their  moft  common  pofition  in  the  day-time 
arc  horizontal,  or  on  the  fame  plane  with  the  branch  from 
which  they  come  out.  On  being  touched,  they  move  them- 
felves  downwards,  frequently  in  fo  great  a degree  that  the  two 
oppofite  almofl  touch  one  another  by  their  under  fides,  and  the 
young  ones  Ibmetimes  either  come  into  contact  or  even  pafs 
•each  other. 

The  whole  of  the  leaves  of  one  pinna  move  by  flriking  the 
branch  with  the  nail  of  the  finger,  or  other  hard  fubftance ; 
or  each  leaf  can  be  moved  fingly,  by  making  an  impreffion  that 
fhall  not  extend  beyond  that  leaf.  In  this  way,  the  leaves  of 
one  fide  of  the  pinna  may  be  made  to  move,  one  after  another, 
whilR  the  oppofite  continue  as  they  were ; or  you  may  make 

them 
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them  move  alternately,  or,  in  Ihort,  in  any  order  yoirpleafe,  Ly 
touching  in  a proper  manner  the  leaf  you  wife  to  put  in  mo- 
tion. But  if  the  impreffion,  although  made  on  a lingle  leaf, 
be  ftrong,  all  the  leaves  on  that  pinna,  and  fometimes  on  the 
neighbouring  ones,  will;  be  affefted  by  it. 

. What  at  fird  feemed  furp riling  was>  that  notwithdandiug 
this  apparent  fenlibility  of  the  leaf,  1 could  with  a pair  of 
fearp  he  fears  make  large  incilions  in  it,,  without  occalioning  the 
fmalled  motion  ; nay,  even  cut  it  almod  entirely  off,  and  the 
remaining  part  dill  continue  unmoved ;;  and'  that  then,  by 
touching  the  wounded  leaf  with  the  linger  or  point  of  the 
feidars,  motion  would  take  place  as  if  no  injury  had  beeiv 
; offered.  But,  on  further  examination,  I found,  that  although' 

’ the  leaf  was  the  odenlible  part  which  moved,  it  was  inffadt 
entirely  padive,  and  that  the  petiolus  was  the  feat  both  of  fenfe 
and  adfion  : for  although  the  leaf  might  be  cut  in  pieces,  or 
fqueezed  with  great  force,,  provided  its  direction  was  not 
changed,  without  any  motion,  being  oecafioned;  yef,  if  theim- 
: predion  on  the  leaf  was  made  in  fuch  a way  as  to  adedt  the 
petiolus,  the  motion  took  place.  When,  therefore,.  I wanted' 
to  coniine  the  motion  to  a lingle  leaf,  I- either  touched  it  fo  as- 
only  to  affedl  its  own  petiolus,  or,  without  meddling  with  the 
leaf,  touched  the  petiolus  with  any  fmall-pointed  body,  as  a pins 
or  knife. 

By  compreffmg  the  univerfal  petiolus  near  the  place  where 
a partial  one  comes  out,  the  leaf  moves  in  a few  leconds,  in  the 
fame  manner  as  if  you  had  touched  the  partial  petiolus. 

vVhether  the  impredion  be  made  bypun&ure,  percuffion,  or 
;compreldon,  the  motion  does  not  indantly  follow;  generally 
feveral  feconds  intervene,  and  then  it  is  not  by  a jirk,  but 

regular 
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regular  and  gradual.  Afterwards,  when  the  leaves  return  to 
their  former  (ituation,  which  is  commonly  in  a quarter  of  an 
hour  or  lefs,  it  is  in  fo  flow  a manner  as  to  be  almoft  imper- 
ceptible. 

On  flicking  a pin  into  the  univerfal  petiolus  at  its  origin, 
the  leaf  next  it,  which  is  always  on  the  outer  fide,  moves  firft  ; 
then  the  firft  leaf  on  the  oppolite  fide,  next  the  fecond  leaf  on 
the  outer,  and  fo  on.  But  this  regular  progrefllon  feldom  con- 
tinues throughout ; for  the  leaves  on  the  outer  fide  of  the  pinna 
feem  to  be  affetfled  both  more  quickly,  and  with  more  energy, 
than  thole  of  the  inner,  fo  that  the  fourth  leaf  on  the  outer 
fide  frequently  moves  as  foon  as  the  third  on  the  inner ; and 
■fometimes  a leaf,  efpecially  on  the  inner  fide,  does  not  move 
at  all,  whilft  thofe  above  and  below  it  are  affedted  in  their  pro- 
per time.  Sometimes  the  leaves  at  the  extremity  of  the  petio- 
lus move  fooner  than  feveral  others  which  were  nearer  the 
place  where  the  pin  was  put  in. 

On  making  a compreflion  with  a pair  of  pincers  on  the  uni- 
verfal petiolus,  between  any  two  pair  of  leaves,  thofe  above 
the  comprefled  part,  or  nearer  the  extremity  of  the  petiolus, 
move  fooner  than  thofe  under  it,  or  nearer  the  origin  ; and  fre- 
quently the  motion  will  extend  upwards  to  the  extreme  leaf, 
whilft  below  it  perhaps  does  not  go  farther  than  the  neareft 
pair. 

If  the  leaves  happen  to  be  blown  by  the  wind  againft  one 
another,  or  againft  the  branches,  they  are  frequently  put  in 
motion  ; but  when  a branch  is  moved  gently,  either  by  the 
hand  or  the  wind,  without  ftriking  againft  any  thing,  no 
motion  of  the  leaves  takes  place. 

When  left  to  themfelves  in  the  day-time,  (haded  from  the 
fun,  wind,  rain,  or  any  difturbing  caufe,  the  appearance  of 

7 the 
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the  leaves  is  different  from  that  of  other  pinnated  plants.  In 
the  laft  a great  uniformity  fub fills  in  the  refpeftive  p.ofition  of 
the  leaves  on  the  pinna ; but  here  feme  will  be  feen  on  the 
horizontal  plane,  fome  raifed  above  it,  and  others  fallen  under 
itj  and  in  an  hour  or  fo,  without  any  order  or  regularity,  which 
I could  obferve,  all  thefe  will  have  changed  their  refpe&hve 
pofition s . I have  feen  a leaf,  which  was  high  up,  fall  down  ; 
this  it  did  as  quickly  as  if  a ilrong  impreffion  had  been  made 
on  it,  but  there  was  no  caufe  to  be  perceived. 

Cutting  the  bark  of  the  branch  down  to  the  wood,  and  even 
feparating  it  about  the  fpace  of  half  an  inch  all  round,  fo  as  , to 
flop  all  communication  by  the  veilels  of  the  bark,  does  not  for 
the  fir  ft  day  affedt  the  leaves,  either  in  their  polition  or  their 
aptitude  for  motion. 

In  a branch,  which  I cut  through  in  fuch  a manner  as  to 
leave  it  fufpended  only  by  a little  of  the  bark  no  thicker  than  a 
thread,  the  leaves  next  day  did  not  rife  fo  high  as  the  others ; 
but  they  were  green  and  frefli,  and,  on  being  touched,  moved, 
but  in  a much  lefs  degree  than  formerly. 

After  fun- fet  the  leaves  go  to  fleep,  firfb  moving  down  fo  as  - 
to  touch  one  another  by  their  under  f des  ; they  therefore  per- 
form  rather  more  extenfve  motion  at  night  of  themfelves  than 
they  can  be  made  to  do  in  the  day-time  by  external  impreffions. 
With  a convex  lens  I have  colleded  the  rays  of  the  fun  on  a 
leaf,  fo  as  to  burn  a hole  in  it,  without  occafoning  any  motion. 
But  when  the  experiment  is  tried  on  the  petiolus,  the  motion  is 
as  quick  as  if  from  ftrong  percuffion,  although  the  rays  were 
not  fo  much  concentrated  as  to  caufe  pain  when  applied  in  the 
fame  degree  on  the  back  of  the  hand ; nor  had  the  texture  of 
the  petiolus  been  any  ways  changed  by  this.;  for  next  day  it 
\ ol.  LXXVo  ,B  b b could 
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could  not  be  diftinguifhed,  either  by  its  appearance  or  moving 

power,  from  thofe  on  which  no  experiment  had  been  made. 

The  leaves  move  very  faff  from  the  electrical  {hock,  even 
although  a very  gentle  one ; but  the  hate  of  the  atmofphere 
was  fo  unfavourable  for  experiments  of  this  kind,  that  I could 
not  purfue  them  fo  far  as  1 wifhed. 

There  are  two  other  plants  mentioned  as  fpecies  of  this 
o-enus  by  Linnaeus.  The  firft,  the  Averrhoa  Bilimbi,  I have 
not  had  an  opportunity  of  feeing.  The  other,  or  Averrhoa 
Acida,  does  not  feem  to  belong  to  the  fame  clafs ; nor  do  its 
leaves  poffefs  any  of  the  moving  properties  of  the  Carambola. 
Linnjeus’s  generic  defcription  of  the  Averrhoa,  as  of  many 
other  plants  in  this  country  which  he  had  not  an  opportunity  of 
feeing  frefh,  is  not  altogether  accurate.  The  petals  are  con- 
nected by  the  lower  part  of  the  lamina,  and  in  this  way  they 
fall  off  whilft  the  ungues  are  quite  diftinCt.  The  ffamina  are 
in  five  pairs,  placed  in  the  angles  of  the  germem  Of  each 
pair  only  one  ftamen  is  fertile,  or  furnifhed  with  an  anthera. 
The  filaments  are  curved,  adapted  to  the  fhape  of  the  germen. 
They  may  be  preffed  down  gently,  fo  as  to  remain  ; and  then, 
when  moved  a little  upwards,  rile  with  a fpring.  The  fertile 
are  twice  the  length  of  thofe  deftitute  of  anther®. 

Calcutta,  Nov.  23,  J7&3® 
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XXI.  An  Account  of  fome  Experiments  on  the  Lofs  of  IV eight  In 
Bodies  on  being  melted  or  heated.  In  a Letter  from  George 
Fordyce,  M.D . F.R.S.  to  Sir  Jofeph  Banks,  Bart.  P.R.S . 


Read  April  28,  1785. 

3 I.R, 

ALTHOUGH  I have  made  many  experiments  on  the 
fubjfe  of  the  lofs  of  weight  in  bodies  on  being  melted, 
or  heated,  I do  not  think  it  worth  while  to  lay  them  all  before 
the  Society,  as  there  has  not  appeared  any  circumftance  of 
contradiction  in  them.  I fhall  content  myfelf  with  relating  the 
following  one,  which  appears  to  me  conclufive  in  determining 
the  lofs  of  weight  in  ice  when  thawed  into  water,  and  fubjeCt 
to  the  lead:  fallacy  of  any  I have  hitherto  made,  in  fhewing  the 
lofs  of  weight  in  ice  on  being  heated. 

The  beam  I made  ufe  of  was  fo  adjufted  as  that,  with  a 
weight  between  four  and  five  ounces  in  each  fcale,  -^Vo  part 
of  a grain  made  a difference  of  one  divifion  on  the  index.  It 
was  placed  in  a room,  the  heat  of  which  was  37  degrees  of 
Fahrenheit’s  thermometer,  between  one  and  two  in  the  after- 
noon, and  left  till  the  whole  apparatus  and  the  brafs  weights 
acquired  the  fame  temperature. 

A glafs  globe,  of  three  inches  diameter  nearly,  with  an 
indentation  at  the  bottom,  and  a tube  at  the  top,  weigh- 
ing about  451  grains,  had  about  1 700  grains  of  New- River 
water  poured  into  it,  and  was  hermetically  fealed,  fo  that  the 
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whole,  when  perfectly  clean,  weighed  2150^4.  of  a grails 
exactly  ; the  heat  being  brought  to  32  degrees,  by  placing  it  irr 
a cooling  mixture  of  fait  and  ice  till  it  juft  began  to  freeze,  and 
fhaking  the  whole  together. 

After  it  was  weighed  it  was  again  put  into  the  freezing  mix- 
ture, and  let  fhnd  for  about  twenty  minutes;  it  Was  then 
taken  out  of  the  mixture ; part  of  the  water  was  found  to  be 
frozen  ; and  it  was  carefully  wiped,  fir  it  with  a dry  linen  cloth, 
and  afterwards  with  dry  wafhed  leather;  and  on  putting  it  into 
the  icale  it  was  found  to  have  gained  about  the  W part  of  a grain. 
This  was  repeated  five  times  : at  each  time  more  of  the  water 
was  frozen,  and  more  weight  gained.  In  the  mean  time  the 
heat  of  the  room  and  apparatus  had  funk  to  the  freezing 
point. 

When  the  whole  was  frozen,  it  was  carefully  wiped  arid 
weighed,  and  found  to  have  gained  of  a grain  and  four  di- 
vifions  of  the  index.  Upon  handing  in  the  fcale  for  about  a 
minute,  I found  it  began  to  lofe  weight,  on  which  I imme- 
diately took  it  out,  and  placed  it  at  a diftance  from  the  beam. 
I alfo  imrriediately  plunged  a thermometer  in  the  freezing 
mixture,  and  found  the  temperature  10  degrees;  and  on  put- 
ting the  ball  of  the  thermometer  in  the  hollow  at  the  bottom 
of  the  glafs  veftel,  it  fhewed  1 2 degrees.  I left  the  whole  for 
half  an  hour,  and  found  the  thermometer,  applied  to  the  hol- 
low of  the  glafs,  at  320.  Every  thing  now  being  at  the  fame 
temperature,  1 weighed  the  glafs  containing  the  ice,  after  wiping 
it  carefully,  and  found  it  had  loft  p and  five  divifions ; fo  that 
it  weighed  At?  ah  but  one  divifion,  more  than  when  the  water 
was  fluid. 

I now  melted  the  ice,  excepting  & very  fmall  quantity,  and 
left  the  glafs  veftel  expofed  to  the  air  in  the  temperature  of  32 


'Weight  in  Bodies  on  being  melted  or  heated.  j 

degrees  for  a quarter  of  an  hour;:  the  little  bit  of  ice  continued 
nearly  the  fame.  I now  weighed  it,  after  carefully  wiping  the 
glafs,  and  found  it  heavier  than  the  water  was  at  firSI  one  divi- 
sion of  the  beam.  Laffly,  I took  out  the  weights,  and  found 
the  beam  exactly  balanced  as  before  the  experiment. 

The  acquisition  of  weight  found  on  water’s  being  converted 
into  ice,  may  arife  from  an  increafe  of  the  attraction  of  gravi- 
tation of  the  matter  of  the  water  ; or  from  fome  fubftance  im- 
bibed through  the  glafs,  which  is  neceflary  to  render  the  water 
folid. 

Which  of  thefe  positions  is  true  may  be  determined,  by 
forming  a pendulum  of  water,  and  another  of  ice,  of  the  fame 
length,  and  in  every  other  refpedt  fimilar,  and  making  them 
fwing  equal  arcs.  If  they  mark  equal  times,  then  certainly 
there  is  fome  matter  added  to  the  water.  If  the  pendulum  of 
ice  is  quicker  in  its  vibrations,  then  the  attraction  of  gravita- 
tion is  increafed.  For  there  is  no  pofition  more  certain,  than 
that  a (ingle  particle  of  inanimate  matter  is  perfectly  incapable 
of  putting  itfelf  in  motion,  or  bringing  itfelf  to  reft;  and, 
therefore,  that  a certain  force  applied  to  any  mafs  of  matter, 
fo  as  to  give  it  a certain  velocity,  will  give  half  the  quantity  of 
matter  double  the  velocity,  and  twice  the  quantity,  half  the 
velocity;  and,  generally,  a velocity  exaCtly  in  the  inverfe  pro- 
portion to  the  quantity  of  matter.  Now,  if  there  be  the  fame 
quantity  of  matter  in  water  as  there  is  in  ice,  and  if  the  force 
of  gravity  in  water  be  part  lefs  than  in  ice,  and  the 

pendulum  of  ice  fwing  feconds,  the  pendulum  of  water  will 
iofe  of  a fecond  in  each  vibration,  or  one  fecond  in 

28000,  which  is  almoff  three  feconds  a day,  a quantity  eafily 
meafured. 

I Shall- 
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I {hall  juft  take  notice  of  an  opinion  which  has  been  adopted 
by  fome,  that  there  is  matter  abfolutely  light,  or  which  repels 
inftead  of  attracting  other  matter.  I confefs  this  appears  ab- 
furd  to  me  ; but  the  following  experiment  would  prove  or  dif- 
prove  it.  Suppoftng,  for  inftance,  that  heat  was  a body,  and 
abfolutely  light,  and  that  ice  gained  weight  by  lofmg  heat ; 
then  a pendulum  of  ice  would  fwing  through  the  fame  arc  in 
lefs  time  than  a fimilar  pendulum  of  water;  for  the 
fame  power  would  not  only  ad  upon  a lefs  quantity  of  matter, 
but  a counter-ading  force  would  alfo  be  taken  away. 

Till  the  experiment  of  the  pendulum  can  be  made,  or  fome 
other  equally  certain  be  fuggefed  and  made,  it  would  be  waft- 
ing time  to  enter  into  conjedure  about  thecaufe  of  the  gain  of 
weight  in  the  converfon  of  water  into  ice  in  a glafs  veflel  her- 
metically fealed. 

I fhall  only  obferve,  that  heat  certainly  diminifties  the  at- 
tradions  of  cohefion,  chemiftry,  magnetifm,  and  eledricity ; 
and  if  it  fhould  alfo  turn  out,  that  it  diminifties  the  attradion 
of  gravitation,  I ftiould  not  hefttate  to  coniider  heat  as  the 
quality  of  diminution  of  attradion,  which  would  in  that  cafe 
account  for  all  its  effeds. 

We  come,  in  the  next  place,  to  take  notice  of  the  fecond 
part  of  the  experiment,  viz . that  the  ice  gained  an  eighth  part 
of  a grain  on  being  cooled  to  12  degrees  of  Fahrenheit’s 
thermometer.  In  this  cafe,  a variation  may  arife  from  the  con- 
tradion  of  the  glafs  veflel,  and  confequent  increafe  of  fpecific  | 
gravity  in  proportion  to  the  air.  But  it  is  unneceflary  to  ob-  ■ 
ferve,  that  this  would  be  fo  very  fmall  a quantity  as  not  to  be  | 
obfervable  upon  a beam  adjufted  only  to  the  degree  of  fenfibility  ■ 
with  which  this  experiment  was  tried.  In  the  fecond  place, , 
the  air  cooled  by  the  ice  above  the  fcale  becoming  heavier  thani 
■2  thes 
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the  furrounding  atmofphere,  would  prefs  upon  the  fcale  down- 
ward with  the  whole  force  of  the  difference.  If  a little  moie 
than  half  a pint  of  air  was  cooled  over  the  fcale  to  the  heat  of 
the  ice  and  glafs  containing  it,  that  is,  twenty  degrees  below 
the  freezing  point,  the  difference,  according  to  General  Roy’s 
table,  would  have  been  the  eighth  part  of  a giain,  which 
was  the  weight  acquired  ; but  the  air  within  half  an  inch  of 
the  glafs  velfel  being  only  one  degree  below  the  freezing  point, 
1 cannot  conceive,  that  even  an  eighth  part  of  a pint  of  air 
could  be  cooled  over  the  fcale  to  twenty  degrees  below  the 
freezing  point;  nor  that  the  whole  difference  of  the  weight  of 
the  air  over  the  fcale  could  ever  amount  to  the  ^2d  of  a grain. 
I have,  however,  contrived  an  apparatus  which  is  executing,  m 
Which  this  caufe  of  fallacy  will  be  totally  removed.  I fhall, 
therefore,  reft  at  prefent  the  ftate  of  this  part  of  the  fubjeft  ; 
and  leave  it  only  proved,  that  water  gains  weight  on  being- 

frozen. 

I am,  &c. 

G.  FORDYCE, 
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XXI 1.  Sketches  and  Defer iptions  of  three  f tuple  Instruments  for 
drawing  Architecture  and  Machinery  in  Perfpeciive.  By  Mr, 
James  Peacock ; communicated  by  Robert  Mylne,  Efq.  F.R.S* 

Read  March  i 7,  1785. 
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SOJvlE  of  the  following  machines  mu  ft  be  placed  upon  the 
front  edge  of  the  table  upon  which  they  are  to  Rand. 

The  fights  may  be  fupported  by  a three-legged  Raff. 

The  Rocks  of  the  fquares  or  indexes  may  have  Reel  fprings 
upon  their  edges,  in  order  to  keep  them  in  any  afligned  part  of 
the  grooves  in  which  they  are  to  Ride. 

F I G.  I.  (t  A B.  XIII.) 

ABCD  a drawing  board,  to  be  fixed  on  a table  or  Rand,  &c. 
in  a vertical  pofition.  AB  a Riding-piece  for  the  top  of  the  T 
fquare,  having  a rebate  therein  to  form  a groove,  as  exprefled 
by  the  dotted  line.  CD,  Riding-piece  for  the  bottom  of  the  fquare, 
having  a rebate  therein  to  form  a groove  for  the  reception  of 
the  Rock  as  deferibed  by  the  dotted  line ; this  Riding-piece  to 
be  of  fufficient  length  to  receive  and  fupport  the  faid  Rock 
when  the  blade  of  the  fquare  is  coincident  with  the  lines 
KNFPI  or  LNGI.  E a hole  to  receive  the  arm  or  Rider  of  the 
fight-piece,  to  be  conRrmRed  in  the  ufual  manner.  FGHI  an 
opening  forming  the  field  of  view  for  the  prototype.  KLMN  a 
iheet  of  paper  fixed  on  the  upper  part  of  the  board  for  the 
-copy*  the  four  inner  lines  whereof  form  and  inclofe  a fpace  of 

the 
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the  fame  dimenfions  as  the  field  of  view  refpeCtively.  OP  a 
ileel  Hiding-piece,  equal  in  length  to  the  diilance  KF  or  IN ; 
at  the  lower  end  P is  a ileel  arm  terminating  in  a point;  and  at 
the  upper  end,  at  O,  is  a fimilar  arm,  terminating  with  a brafis 
button,  in  the  center  of  which  is  a fharp  ileel  pricker ; the  faid 
pricker  and  the  point  P are  to  be  equi-diftant  from  the  edge  of 
the  blade  of  the  fquare : this  arm  O is  to  have  the  faculty  of  a 
fpring,  in  order  that  the  pricker  may  clear  itfelf  of  the  furface  of 
the  paper  as  foon  as  the  finger  quits  the  button,  in  the  fame  man- 
ner as  is  ufual  in  the  apparatus  of  large  protractors.  This  Hiding 
ileel-piece  may  be  drawn  out  of  the  dove-tailed  or  rebated 
groove  at  pleafure,  and  the  T fquare  will  then  be  fit  for  ordi- 
nary ufes. 

T?  ufe  the  Injlrument. 

Having  fixed  the  board  truly  level  and  perpendicular,  and 
placed  the  point  of  fight,  or  hole  for  vifion,  at  fuch  a height  and 
diftance  as  fhall  be  productive  of  the  beil  effeCt,  move  the 
fquare  with  one  hand,  and  the  ileel  ilider  with  the  other,  until 
the  point  P coincides  with  the  eye  and  any'  point  or  angle  in 
the  original  objeCt.  Prefs  the  pricker  at  O,  and  the  punCture 
will  be  the  true  place,  or  copy,  of  fuch  original  point  or  angle, &c. 

N.  B.  AH  perpendicular  lines  may  be  drawn  at  once  (in 
pencil),  by  bringing  the  left-hand  edge  of  the  fquare  to  coin- 
cide with  the  original  line  and  the  eye  ; and  their  lengths  may 
be  very  nearly  determined  by  the  graduated  edge  of  the  fquare, 
fo  as  to  prevent  confufion  from  unneceffary  lengths  of  lines. 
The  faid  graduated  edge  will  alfo  give  the  points  in  all  curved 
or  irregular  objeds. 
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FIG.  II.  (T  A B.  XIV.) 

As  the  inflrument,  fig.  i.  proceeds  chiefly  by  finding  the  po- 
fitions  of  Points,  this  is  contrived  to  find  the  pofitions  of  Lines, 
and  to  determine  their  limits  by  their  reciprocal  interfedtions. 

ABOCDE  is  a compound  board,  to  be  placed  in  a vertical 
pofition.  FGHI  is  the  opening,  or  field  of  view.  KLMN  is  a 
loofe  board,  upon  which  paper  is  to  be  fixed ; and  the  edges  of 
the  faid  board  are  to  be  rebated,  as  defcribed  in  the  plan  at  zz. 
XYMN  and  OPQR  are  grooved  recefles,  to  receive  the  faid 
loofe  board,  as  occafion  may  require.  STUW  is  a moveable 
parallelogram,  compofed  of  a rebated  frock  SU,  two  like  gra- 
duated rulers  ST  and  UW,  and  the  regulating  piece  TW ; 
the  whole  connected  with  fc rews,  fo  as  to  move  freely  with  a 
fmall  force ; and  the  diftances  between  the  centers  of  motion 
SU  or  TW  to  be  equal  to  KF  or  HQ.  AE  and  ED  are  rebated 
grooves,  in  which  the  flock  of  the  parallelogram  is  to  move. 

To  ufe  the  Inflrument. 

Having  fixed  the  compound  board  ABOCDE  truly  vertical, 
flip  the  papered  board  KLMN  into  the  recefs  XYMN,  or 
OPQR,  as  the  fubiedt  to  be  drawn  may  render  firft  neceflary, 
and  Aide  the  flock  SU  of  the  parallelogram  into  the  groove  AE, 
or  ED,  to  correfpond  therewith  ; then,  by  moving  the  flock  in 
the  groove  with  one  hand,  and  at  the  fame  time  regulating  the 
parallelogram  with  the  other,  the  top  edge  of  the  ruler  UW 
may  be  brought  to  coincide  with  any  line  in  the  original  objedt, 
and  the  figured  divifions  on  the  edge  of  the  ruler  will  at  the 
fame  time  determine  the  limits  thereof,  near  enough  to  avoid  a 
confufion  of  umieceffary  lengths  of  line,  &c.  The  true  repre- 
a fentation 
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fentatioti  of  the  place  and  pofition  of  the  line  may  be  then 
drawn  upon  the  paper,  by  the  top  edge  of  the  ruler  ST,  a trifle 
longer  at  each  extremity  than  it  appears  to  be.  This  operation 
may  be  repeated  for  as  many  lines  as  can  be  obtained  in  the 
firfl  pofition  of  the  papered  board  and  parallelogram  ; when  they 
muft  be  drifted  into  the  other  recefs  and  groove,  to  find  the  ref!, 
which  may  be  now  done  without  taking  any  further  notice  of 
the  divifions  on  the  rulers. 

N.  B.  A common  T fquare,  applied  to  a board  of  this  kind, 
will  anfwer  mod:  purpofes.  For  example  : place  the  flock  of 
fuch  a fquare  in  one  of  the  grooves,  having  a blade  not  lefs 
than  the  length  HK  or  HR ; mark  the  fpaces  HI  and  QR 
upon  the  upper  edge  thereof,  and  divide  each  of  them  into  any 
convenient  number  of  equal  parts,  and  figure  the  faid  parts  in 
the  ufual  manner,  to  correfpond  with  each  other,  as  may  be 
feen  in  fig.  u Now,  fuppofe  the  flock  of  the  fquare  to  be  in 
ED,  it  is  plain,  that  all  perpendicular  lines  may  be  drawn 
upon  the  paper  KLMN  in  their  proper  places,  and  (by  means 
of  the  divifions  on  the  edge  of  the  fquare)  neaily  of  (though 
properly  a trifle  more  than)  their  true  length.  All  the  lines  of 
this  defcription  being  obtained,  the  fhifting  board  mufl  be 
placed  in  its  other  recefs,  and  the  flock  of  the  fquare  into  the 
other  groove ; then,  beginning  with  the  drfl  line,  bring  the 
edge  of  the  fquare  to  agree  with  its  limits,  and  mark  them  off 
upon  the  line  on  the  paper,  and  fo  of  all  the  refl  in  fueceflionj 
and  join  the  points,  where  neceilary,  with  a common  ruler. 

;>y  yi.  . • 

F I G.  III.  (t  A B.  XIV.) 

This  apparatus  is  contrived  to  avoid  the  trouble,  of  conti- 
nually working  againfl  a board  in  a vertical  pofition*  hi  order 

Ccca  to 
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to  this,  two  fquare  boards  are  to  be  provided,  equal  in  fize,  and 
of  fimilar  coilftrudtion ; one  is  to  be  fixed  in  a vertical  pofition, 
for  viewing  the  original  objedt  through  a proper  aperture  ; and 
the  other  is  to  be  laid  flat  upon  a defk  or  table,  for  the  greater 
eafe  and  conveniency  of  drawing  the  copy  upon  paper  to  be 
fixed  thereon  for  that  purpofe. 

ABCD  is  the  vertical  board;  EFGH  the  opening  therein, 
forming  the  field  of  view  j IKL  the  T fquare,  the  blade 
thereof  PL  being  moveable  about  the  center  P,  with  a mode- 
rate degree  of  fliffnefs ; the  flock  K is  to  flide  in  a rebated  or 
dove-tail  groove  AD,  and  be  fixable  to  any  part  thereof  by  the 
fcrew  O ; the  fleel  points  MN  are  to  move  with  moderate  eafe 
in  a rebated  or  dove-tail  brafs  groove  in  the  middle  of  the 
blade  of  the  fquare ; upon  the  back  of  the  groove  AD  are  to  be 
fixed  two  brafs  pins  QQ,  to  reft  in  proper  holes,  fimilar  to 
the  holes  marked  RR;  and  the  fame  kind  of  holes  are  to  be  made 
in  the  corner  of  the  board  whereon  the  copy  is  to  be  made. 

To  ufe  the  Machine. 

Having  placed  the  board  ABCD  in  a truly  vertical  pofition, 
fix  the  fhifting  groove  AD  in  the  rebate,  on  the  mod  conve- 
nient fide  of  the  board,  by  means  of  entering  the  pins  Q^into 
the  holes  R ; then  loofen  the  fcrew  O,  and  move  the  flock 
IK,  and  at  the  fame  time  turn  the  blade  PL  upon  its  center  P, 
until  one  of  its  edges  fhall  be  coincident  with  fome  original 
line  ; then  fix  the  flock  by  turning  the  fcrew  O ; move  the 
points  M and  N,  till  they  exadlly  include  the  apparent  length  of 
the  faid  line ; then  take  off  the  fhifting  groove  AD,  together 
with  the  T fquare  or  bevii  fixed  thereto,  and  apply  the  fame  to 

the 
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the  correfponding  fide  of  the  board  on  your  defk  or  table,  and 
draw  the  line  of  its  precife  length  and  pofition. 

N.  B.  If  this  is  thought  too  operofe,  the  brafs  groove  and 
Hiding  pieces  M,  N,  may  be  reje&ed,  and  the  blade  of  the 
fquare  may  be  graduated  on  one  or  both  of  its  edges  at  pleafure  ; 
and  all  lines  in  the  fame  direction  may  be  drawn  thereby  exactly 
as  to  their  pofitions,  and  nearly,  though  fomewhat  exceeding, 
their  lengths  * ; and  their  precife  lengths  may  be  determined  at 
the  fame  time  the  lines  in  the  contrary  pofitions  are  drawn, 
whofe  lengths  will  be  given  at  the  fame  time  by  the  lines  firfl 
drawn. 

* This  will  be  effected,  by  noticing  the  numbers  upon  the  blade,  and  taking 
thofe  next  beyond  the  apparent  limits  of  the  line  j and  by  this  means  the  drawing 
will  advance  without  the  lead:  confufion. 
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By  Henry  Cavendifh,  Efq.  F*R.S.  and  A.S . 

Read  June  2,  178^. 

' i • • ’ j ( : 1 J 

IN  a Paper,  printed  in  the  lad:  volume  of  the  Philofophical 
Tranfadtions,  in  which  I gave  my  reafons  for  thinking  that 
the  diminution  produced  in  atmofpheric  air  by  phlogiftication 
is  not  owing  to  the  generation  of  fixed  air,  I faid  it  feemed  mod 
likely,  that  the  phlogifiication  of  air  by  the  eledtric  fpark  was 
owing  to  the  burning  of  fome  inflammable  matter  in  the  appa- 
ratus ; and  that  the  fixed  air,  fuppofed  to  be  produced  in  that 
procefs,  was  only  feparated  from  that  inflammable  matter  by 
the  burning.  At  that  time,  having  made  no  experiments  on 
the  fubjedt  myfelf,  I was  obliged  to  form  my  opinion  from 
thofe  already  publifhed ; but  I now  find,  that  though  I was 
right  in  fuppofing  the  phlogifiication  of  the  air  does  not  pro- 
ceed from  phlogifton  communicated  to  it  by  the  eledf ric  fpark, 
and  that  no  part  of  the  air  is  converted  into  fixed  air ; yet  that 
the  real  caufe  of  the  diminution  is  very  different  from  what  I 
fufpedted,  and  depends  upon  the  converfion  of  phlogiflicated 
air  into  nitrous  acid. 

The  apparatus  ufed  in  making  the  experiments  was  as  follows* 
The  air  through  which  the  fpark  was  intended  to  be  palled,  was 
confined  in  a glafs  tube  M,  bent  to  an  angle,  as  in  fig.  1 . (tab. 
XV.)  which,  after  being  filled  with  quickfilver,  was  inverted 
into  two  glalfes  of  the  fame  fluid,  as  in  the  figure.  The  air  to 

be 


Mf,  Cavendish's  Experiments  on  Air , 

be  tried  was  then  introduced  by  means  of  a fmall  tube,  fuch  as 
is  ufed  for  thermometers,  bent  in  the'  manner  reprefen  ted  by 
ABC  (fig.  2.)  the  bent  end  of  which,  after  being  previoufly 
filled  with  quickfilver,  was  introduced,  as  in  the  figure,  under 
the  glafs  DEF,  inverted  into  water,  and  filled  with  the  proper 
kind  of  air,  the  end  C of  the  tube  being  kept  flopped  by  the 
finger;  then,  on  removing  the  finger  from  C,  the  quickfilver 
in  the  tube  defcended  in  the  leg  BC,  and  its  place  was  fupplied 
with  air  from  the  glafs  DEF.  Havihg  thus  got  the  proper 
quantity  of  air  into  the  tube  ABC,  it  was  held  with  the  end  C 
uppermoh,  and  hopped  with  the  finger  ; and  the  end  A,  made 
fifealler  for  that  purpofe,  being  introduced  into  one  end  of  the 
bent  tube  M,  (fig.  i .)  the  air,  on  removing  the  finger  from  C5 
was  forced  into  that  tube  by  the  prehiire  of  the  quickfilver  in 
the  leg  BC.  By  thefe  means  I was  enabled  to  introduce  the 
exah  quantity  I pleafed  of  any  kind  of  air  into  the  tube  M ; , 
* and,  by  the  fame  means,  I could  let  up  any  quantity  of  foap»  - 
lees, or  any  other  liquor  which  I wanted  to  be  in  contah  with 
the  air. 

In  one  cafe,  however,  in  which  I wanted  to  introduce  air 
into  the  tube  many  times  in  the  fame  experiment,  I ufed  the 
apparatus  reprefen  ted  in  fig.  3.  confiding  of  a tube  AB  of  a 
fmall  bore,  a ball  C,  and  a tube  DE  of  a larger  bore.  This 
apparatus  was  firh  filled  with  quickfilver ; and  then  the  ball 
C,  and  the  tube  AB,  were  filled  with  air,  by  introducing  the 
end  A under  a glafs  inverted  into  water,  which  contained  the 
proper  kind  of  air,  and  drawing  out  the  quickfilver  from  the 
leg  ED  by  a fyphon.  After  being  thus  furnifhed  with  air,  the 
apparatus  was  weighed,  and  the  end  A introduced  into  one  end 
of  the  tube  M,  and  kept  there  during  the  experiment ; the 
way  of  forcing  air  out  of  this  apparatus  into  the  tube  being  by 
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thrufting  down  the  tube  ED  a wooden  cylinder  of  fuch  a fiz:  • 
as  almod  to  fill  up  the  whole  bore,  and  by  occafionally  pouring 
quickfilver  into  the  fame  tube,  to  fupply  the  place  of  that 
pufhed  into  the  ball  C.  After  the  experiment  was  finifhed,  the 
apparatus  was  weighed  again,  which  (hewed  exactly  how  much 
air  had  been  forced  into  the  tube  M during  the  whole  experi- 
ment ; it  being  equal  in  bulk  to  a quantity  of  quickfilver,  whofi 
weight  was  equal  to  the  increafe  of  weight  of  the  apparatus. 

The  bore  of  the  tube  M ufed  in  moft  of  the  following  ex- 
periments, was  about  one- tenth  of  an  inch  ; and  the  length  of 
the  column  of  air,  occupying  the  upper  part  of  the  tube,  was 
in  general  from  i|  to  f of  an  inch. 

It  is  fcarcely  neceffary  to  inform  any  one  ufed  -to  electrical 
experiments,  that  in  order  to  force  an  electrical  fpark  through 
the  tube,  it  was  neceflary,  not  to  make  a communication  be- 
tween the  tube  and  the  conductor,  but  to  place  an  infulated  ball 
at  fuch  a diftance  from  the  conductor  as  to  receive  a fpark  from 
it,  and  to  make  a communication  between  that  ball  and  the 
quickfilver  in  one  of  the  glades,  while  the  quickfilver  in  the 
other  glafs  communicated  with  the  ground. 

' I mow  proceed  to  the  experiments. 

When  the  eleCtric  fpark  was  made  to  q>afs  through  common 
air,  included  between  fhort  columns  of  a folution  of  litmus, 
the  folution  acquired  a red  colour,  and  the  air  was  diminifhed, 
conformably  to  what  was  obferved  by  Dr.  Priestley. 

When  lime-water  was  ufed  inflead  of  the  folution  of  litmus, 
and  the  fpark  was  continued  till  the  air  could  be  no  further  di- 
minifhed, not  the  lead  cloud  could  be  perceived  in  the  lime- 
water ; but  the  air  was  reduced  to  two- thirds  of  its  original 
bulk ; which  is  a greater  diminution  than  it  could  have  buffered 
by  mere  phlogidication,  as  that  is  very  little  more  than  one- 
fifth  of  the  whole.  The 
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The  experiment  was  next  repeated  with  fome  impure  de<* 
phlogifticated  air.  The  air  wds  very  much  diminifhed,  but 
without  the  leaft  cloud  being  produced  in  the  lime-water.  Nei- 
ther was  any  cloud  produced  when  fixed  air  was  let  up  to  it ; 
but  on  the  further  addition  of  a little  cauffic  volatile  alkali,  a 
brown  fediment  was  immediately  perceived. 

Hence  we  may  conclude,  that  the  lime-water  was  faturated 
by  fome  acid  formed  during  the  operation  ; as  in  this  cafe  it  is 
evident*  that  no  earth  could  be  precipitated  by  the  fixed  air 
alone,  but  that  cauftic  volatile  alkali*  on  being  added,  would 
abforb  the  fixed  air,  and  thus  becoming  mild,  would  imme- 
diately precipitate  the  earth  ; whereas,  if  the  earth  in  the  lime- 
water  had  not  been  faturated  with  an  acid,  it  would  have  been 
precipitated  by  the  fixed  air.  As  to  the  brown  colour  of  the 
fediment,  it  mod;  likely  proceeded  from  fome  of  the  quickfilver 
having  been  diffolved. 

It  mud:  be  obferved,  that  if  any  fixed  air,  as  well  as  acid,  had 
been  generated  in  thefe  two  experiments  with  the  lime-water, 
a cloud  m'uftjrave  been  at  firffc  perceived  in  it,  though  that 
cloud  would  afterwards  difappear  by  the  earth  being  re-diffolved 
by  the  add ; for  till  the  acid  produced  was  fufficient  to  diffolve 
the  whole  of  the  earth,  fome  of  the  remainder  would  be  pre- 
cipitated by  the  fixed  air  $ fo  that  we  may  fafely  conclude,  that 
lio  fixed  air  was  generated  in  the  operation. 

When  the  air  is  confined  by  foap-lees,  the  diminution  pro- 
ceeds rather  fafter  than  when  it  is  confined  by  lime-water  ; for 
which  reafon,  as  well  as  on  account  of  their  containing  fo 
much  more  alkaline  matter  in  proportion  to  their  bulk,  foap- 
lees  feemed  better  adapted  for  experiments  defigned  to  invefti- 
gate  the  nature  of  this  acid,  than  lime-water.  I accordingly 
made  fome  experiments  to  determine  what  degree  of  purity  the 
Vol.  LXXV.  D d d air 


37 6 Mr.  Cavendishes  Experiments  on  Air. 

air  fhould  bfe-of,  in  order  to  be  diminilhed  mod:  readily,  and'  to 
t*he  greateft  degree;  and  I found,  that,  when  good  dephlogifti- 
cated  air  tv  as  ufed,  the  diminution  was  but  I'm  all ; when  per- 
fe6ljy  phlogifticated  air  was  ufed,  no  fenfible  diminution  took 
place ; but  when  five  parts  of  pure  dephiogifficated  air  were 
mixed  with  three  parts  of  common  air,  almoft-  the  whole  of 
the  air  was  made  to  difappear. 

It  muft  be  considered,  that  common  air  con  fids  of  one  part 
of  dephlogi fti cated  air,  mixed  with  four  of  phlogimeated ; fo 
that  a-  mixture  of  five  parts  of  pure  dephlogifticated  air,  and 
three  of  common- air,  is  the  lame  thing  as.  a mixture  of  feven  * 
parts  of  dephlogifticated  air  with  three  of  phlogifticated. 

Having  made  thefe  previous  trials,  I introduced  into  the  tube- 
a little  loap“lees,  and'  then  let  up  feme  dephlogifticated  and 
common  air,  mixed  in  the  above-mentioned  proportions*,  which 
riling  to  the  top  of  the  tube  M,  divided  the  foap-lees  into  its  - 
two  legs.  As  faff  as  the  - air  was  diminilhed  by  the  eledtric 
fpark,  I continued  adding  more  of  the  fame  kind,  till  no  fur-  - 
ther  diminution -took  place-:  after- which  a little  pure  dephlo- 
gifticated air,.,  and  after  that -a  little  common  air,  were  added, 
in  order  to  fee  whether  the  ceftation  of  diminution  was  not  • 
owing  to  fome  imperfe&ion  in  the  proportion^  of  the  two  kinds 
of  air  to  each  other-;  but  without  effect  *1  The  foap-lees  being 
theij  poured  out  of  the  tube,  and  feparated  from- the  quick— 

* From  what  follows  it  appears,  that  the  reafon  why  the  air  ceafed  to  diminilh. 
was,  that  as  the  foap-lees  were  then  become  neutralized,'  no  alkali  remained  to  ab- 
forb  the  acid  formed  by  the  operation,  and  in  confequence  fcaree-.any  air  was  turned 
into  acid.  The  fpark,  however,  was  not  continued  long  enough  after  the  appa- 
rent celfation, of  diminution,  to  determine,  with  certainty,  whether  it  was  only 
that  the  diminution  went  on  remarkably  flower  than  before,  or  that  it  was  almoft 
come  to  a ftand,  and  could  not  have  been  carried  .'much'  further,  though  I had  : 
psrfifteddn  palling  the  fp^rks. 
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fiiver,  feerned  to  be  perfectly  neutralized,  as  they  did  not  at  all 
difcolour  paper  tinged  with  the  juice  of  blue  flowers.  Being 
evaporated  to  dfynqjs,  they  left  a fmall  quantity  of  fait,  which 
was  evidently  nitre,  as  appeared  by  the  maimer  in  which  paper, 
impregnated  with  a folution  of  it,  burned. 

For  more  fatisfadion,  I tried  this  experiment  over  again  on  a 
larger  fcale.  About  five  times  the  former  quantity  of  foap-lees 
were  now  let  up  into  a tube  of  a larger  bore  ; and  a mixture  of 
dephlogiflicated  and  common  air,  in  the  fame  proportions  as 
before,  being  introduced  by  the  apparatus  reprefented  in  fig.  3. 
the  fpark  was  continued  till  no  more  ai-r  could  be  made  to  disap- 
pear. The  liquor,  when  poured  out  of  the  tube,  imelled  evidently 
of  phlpgiflicated  nitrous  acid,  and  being  evaporated  to  dryness, 
yielded  1 T%  gr.  of  fait,  which  is  pretty  exadlly  equal  in  weight  to 
the  nitre  which  that  quantity  of  foap-lees  would  have  afforded  if 
faturated  with  nitrous  acid.  This  fait  was  found,  by  the  man- 
ner in  which  paper  dipped  into  a folution  of  it  burned,  to  be 
true  nitre.  It  appeared,  by  the  tell:  of  terra  ponderofa  Jalita , to 
contain  not  more  vitriolic  acid  than  the  foap-lees  themfelves 
contained,  which  was  exceffively  little ; and  there  is  no  reafon. 
to  think  that  any  other  acid  entered  into  it,,  except  the  nitrous. 

A circumffance,  however,  occurred,  which  at  firfl  feemed 
to  fhew,  that  this  fait  contained  fome  marine  acid  ; namely, 
.an  evident  precipitation  took  place  when  a folution  of  fiiver 
was  added  to  fome  of  it  diflolvedin  water  ; though  the  foap- 
lees  ufed  in  its  formation  were  perfectly  free  from  marine  acid, 
and  though,  to  prevent  all  danger  of  any  precipitate  being 
formed  by  an  excefs  of  alkali  in  it,  fome  purified  nitrous  acid 
had  been  added  to  it,  previous  to  the  addition  of  the  folution 
of  fiiver.  O11  confideration,  however,  1 fufpebted,  that  this 
precipitation  might  arife  from  the  nitrous  acid  in  it  being  phlo- 
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gifticated  ; and  therefore  I tried  whether  nitre,  much  phlogiftl- 
cated,  would  precipitate  fiver  from  its  folution.  For  this  pur- 
pofe  I expofed  home  nitre  to  the  fire,  in  an  earthen  retort,  till  it 
had  yielded  a good,  deal  of  dephlogifticated  air ; and  then,  hav- 
ing diflolved  it  in  water,  and  added  to  it  home  well  purified 
fpirit  of  nitre  till  it  was  fenfibly  acid,  in  order  to  be  certain 
that  the  alkali  did  not  predominate,  I dropped  into  it  fom® 
folution  of  lilver,  which  immediately  made  a very  copious  pre- 
cipitate. This  folution,  however,  being  deprived  of  fome  of 
its  phlogiffon  by  evaporation  to  drynefs,  and  expofure  for  a few 
weeks  to  the  air,  loft  the  property  of  precipitating  filver  from 
its  folution ; a proof  that  this  property  depended  only  on  its 
phlogiftication,  and  not  on  its  having  abforbed  fea-falt  from 
the  retort,  or  by  any  other  means. 

Hence  it  is  certain,  that  nitre,  when  much  phlogifticated,  is 
capable  of  making  a precipitate  with  a folution  of  filver;  and 
therefore  there  is  no  reafon  to  think,  that  the  precipitate, 
which  our  fait  occafioned  with  a folution  of  filver,  proceeded 
from  any  other  caufe  than  that  of  its  being  phlogifticated ; 
efpecially  as  it  appeared  by  the  fmell,  both  on  firft  taking  it 
out  of  the  tube,  and  on  the  addition  of  the  fpirit  of  nitre, 
previous  to  dropping  in  the  folution  of  filver,  that  the  acid  in 
it  w~as  much  phlogifticated.  This  property  of  phlogifticated 
nitre  is  worth  the  attention  of  chemifts ; as  otherwife  they  may 
fometimes  be  led  into  miftakes,  in  inveftigating  the  prefence  of 
marine  acid  by  a folution  of  filver. 

In  the  above-mentioned  Paper  I faid,  that  when  nitre  is  deto- 
nated with  charcoal,  the  acid  is  converted  into  phlogifticated 
air;  that  is,  into  a fubftance  which,  as  far  as  I could  perceive, 
polfefies  all  the  properties  of  the  phlogifticated  air  of  our  at- 
mofphere ; from  which  I concluded,  that  phlogifticated  air  is 
5 nothing 
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nothing  elfe  than  nitrous  acid  united  to  phlogifton.  According 
to  this  conclufion,  phlogifticated  air  ought  to  be  reduced  to 
nitrous  acid  by  being  deprived  of  its  phlogifton.  But  as  de- 
phlogifticated air  is  only  water  deprived  of  phlogifton,  it  is 
plain,  that  adding  dephlogifticated  air  to  a body,  is  equivalent 
to  depriving  it  of  phlogifton,  and  adding  water  to  it ; and 
therefore,  phlogifticated  air  ought  alio  to  be  reduced  to  nitrous 
acid,  by  being  made  to  unite  to,  or  form  a chemical  combina- 
tion with,  dephlogifticated  air ; only  the  acid  formed  this  way 
will  be  more  dilute,  than  if  the  phlogifticated  air  was  fimplv 
deprived  of  phlogifton. 

This  being  premifed,  we  may  fafely  conclude,  that  in  the 
prefent  experiments  the  phlogifticated  air  was  enabled,  by 
means  of  the  electrical  fpark,  to  unite  to,  or  form  a chemical 
combination  with,  the  dephlogifticated  air,  and  was  thereby 
reduced  to  nitrous  acid,  which  united  to  the  foap-lees,  and 
formed  a folution  of  nitre;  for  in  thefe  experiments  thole  two 
airs  actually  difappeared,  and  nitrous  acid  was  adlually  formed 
in  their  room  ; and  as,  moreover,  it  has  juft  been  fhewn,  from 
other  circumftances,  that  phlogifticated  air  muft  form  nitrous  acid, 
when  combined  with  dephlogifticated  air,  the  above-mentioned 
opinion  feems  to  be  fufficiently  eftablilhed.  A further  confirma- 
tion of  it  is,  that,  as  far  as  1 can  perceive,  no  diminution  of  air  is 
produced  when  the  eleCtric  fpark  is  pafted  either  through  pure 
dephlogifticated  air,  or  through  perfectly  phlogifticated  air ; 
which  indicates  the  neceftity  of  a combination  of  thefe  two 
airs  to  produce  the  acid.  Moreover,  it  was  found  in  the  laft: 
experiment,  that  the  quantity  of  nitre  procured  was  the  fame 
that  the  foap-lees  would  have  produced  if  faturated  with  ni- 
trous acid  ; which  (hews,  that  the  production  of  the  nitre  was 
not  owing  to  any  decompofition  of  the  foap-lees. 
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It  may  be  worth  remarking,  that  whereas  in  the  detonation 
of  nitre  with  inflammable  fubftances,  the  acid  unites  to  phlo- 
gifton, and  forms  phlogifticated  air,  in  thefe  experiments  the 
reverfe  of  this-  procefs  was  carried  on  ; namely,  the  phlogifti- 
cated air  united  to  the  dephlogifticated  air,  which  is  equivalent 
to  being  deprived  of  its  phlogifton,  and  was  reduced  to  nitrous 
acid. 

In  the  above-mentioned  Paper  I alfo  gave  my  reafons  for 
thinking,  that  the  frnall  quantity  of  nitrous  acid,  produced  by 
the  explofion  of  dephlogifticated  and  inflammable  air,  pro- 
ceeded from  a portion  of  phlogifticated,  air  mixed  with  the  de 
phlogifticated,  which  I fuppofed  was  deprived  of  its  phlogifton, 
and  turned  into  nitrous  acid,  by  the  action  of  the  dephlogifti- 
cated air  on  it,  aftifted  by  the  heat  of  the  explofion.  This 
opinion,  as  muft  appear  to  every  one,  is  confirmed  in  a re- 
markable manner  by  the  foregoing  experiments ; as  from  them 
it  is  evident,  that  dephlogifticated  air  is  able  to  deprive  phlo- 
gifticated air  of  its  phlogifton,  and  reduce  it  into  acid,  when 
aftifted  by  the  eledlric  fpark ; and  therefore  it  is  not  extraordi- 
nary that  it  fhould  do  fo,  when  aftifted  by  the  heat  of  the 
explofion. 

The  foap-lees  ufed  in  the  foregoing  experiments  were  made 
from  fait  of  tartar,  prepared  without  nitre ; and  wxre  of  fuch 
a ftrength  as  to  yield  one-tenth  of  their  weight  of  nitre  when 
fatu rated  with  nitrous  acid.  The  dephlogifticated  air  alfo  was 
prepared  without  nitre,  that  ufed  in  the  firft  experiment  with 
the  foap-lees  being  procured  from  the  black  powder  formed  by 
the  agitation  of  quickftlver  mixed  with  lead*,  and  that  ufed 

* This  air  was  as  pure  as  any  that  can  be  procured  by  moft  procefles.  1 pro- 
pofe  giving  an  account  of  the  experiment,  in  which  it  was  prepared,  in  a future 
Paper. 

in 
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in' the  latter  from  turbith  mineral.  In  the  fir  ft  experiment,  the 
quantity  of  foap-lees  u fed  was  35  meafures,  each  of  which  was 
equal  in  bulk  to  one  grain  of  quickfiiver  ;■  and  that  of  the  air 
abforbed  was  416  fuch  meafures  of  phlogifticated  air,  and  914 
of  dephlogifticated.  In  the  leeond'  experiment,.  178  meafures  - 
of  foap-lees  were  ufed,  and  they  abforbed » 1920.  of  phlogifti- 
cated air,,  and  4860.  of  dephlogifticated.  It:  muft  be  obferved,. 
however,  that  in  both  experiments*  fome  air  remained  in  the 
tube  uncondenfed,  whofe-  degree  of  purity  I had  no  way  of 
trying;  fo  that  the  proportion,  of  each.fpecies  of  air  abforbed  is 
not  known  with  much  exac&nefs... 

As  far  as  the  experiments  - hitherto  publifhed  extend,,  we. 
fcarcely  know  more  of  the  nature  of  the  phlogifticated  part  of 
our  atmofphere.,  than.- that  it  is  not  diminifhed  by  lime-water,, 
cauftic  alkalies,  or  nitrous  air,;  that  it  is-unfk  tafupportffre,. 
or, maintain  life  in  animals-;- and  that  its  fpecifc  gravity  is- 
not  much  Iefs  than  that  of  common  air : fo  that,  though  the 
nitrous  acid,  by  being  united  to  phlogifton,  is  converted  into 
air  pofleffed  oft  thefte  properties,  and  confequently,  though  it 
was  reafonable  to  • ftuppofe,  that  part  at  leaft  of  the  phlogift-i- 
cated  air  of  the  atmofphere  conftfts -of  this  acid  united  to  phlo- 
gifton. yet  it  might  fairly  be  doubted  whether < the  whole  is  of 
this  kind,  or  whether  there  are  not  in  reality  many,  different 
fubftances  confounded  together  by  us  upder  the  name  oft  phlo- 
gifticated: air;  I- therefore  made  an  experiment  to  determine, 
whether  the  whole  of  asgiveiii portion  of  the  phlogifticated  air 
oft  the  atmofphere,  could  be  reduced  to  nitrous  acid,  or  whether 
there  was  not  a part  of  a different  nature  from  the  reft,  which, 
would  refufe  to  undergo  that  change.  The  foregoing  experi- 
ments indeed  in  fome  meafure  decided  this  point,  as  much  the 
greateft.  part  of.  the  air. let] up  into  the  tube  loft  its  elafticity  ; 

yet, 
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yet,  as  fome  remained  unabforbed,  it  did  not  appear  for  certain 
Whether  that  was  of  the  fame  nature  as  the  reft  or  not.  For  this 
pnrpofe  I dimfrnifhed  a ftmilar  mixture  of  dephlogifticated  and 
common  air,  in  the  fame  manner  as  before,  till  it  was  reduced  to  a 
imall  part- of  its  original  bulk.  I then,  in  order  to  decompound 
as  much  as  I could  of  the  phlogifticated  air  which  remained  in 
the  tube,  added  fome  dephlogifticated  air  to  it,  and  continued  the 
fpark  till  no  further  diminution  took  place.  Having  by  thefc 
means  condenfed  as  much  as  I could  of  the  phlogifticated  air,  I 
let  up  fome  folution  of  liver  of  fulphur  to  abforb  the  dephlo- 
gifticated air ; after  which  only  a fmall  bubble  of  air  remained 
unahforbed*  which  certainly  was  not  more  than  of  the 
bulk  of  the  phlogifticated  air  let  up  into  the  tube;  fo  that  if 
there  is  any  part  of  the  phlogifticated  air  of  our  atmofphere 
which  differs  from  the  reft,  and  cannot  be  reduced  to  nitrous 
acid,  we  may  fafely  conclude*  that  it  is  not  more  than 
part  of  the  whole. 

The  foregoing  experiments  fhew,  that  the  chief  caufe  of 
the  diminution  which  common  air,  or  a mixture  of  common 
and  dephlogifticated  air-,  buffers  by  the  eleflric  fpark*  is  the 
converfion  of  the  air  into  nitrous  acid  ; but  yet  it  feemed  not 
Unlikely,  that  when  any  liquor,  containing  inflammable  mat- 
ter, was  m conta<ft  with  the  air  in  the  tube*  fome  of  this 
matter  might  be  burnt  by  the  fpark,  and  thereby  diminifh  the 
air,  as  ! fuppefed  in  the  above-mentioned  Paper  to  be  the  cafe. 
The  heft  way  which  occurred  to  me  -of  difeoveting  whether 
this  happened  or  not,  was  to  pafs  the  fpark  through  dephlogifti- 
cated air,  included  between  different  liquors':  for  then,  if  the 
diminution  proceeded  folely  from  the  converfion  of  air  into 
nitrous  acid,  it  is  plain  that-,  when  the  dephlogifticated  air  was 
perfectly  pure,  no  diminution  would  take  place;  but  when  it 
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contained  any  phlogifticated  air,  all  tins  phlogifticated  air, 
joined  to  as  much  of  the  dephlogifticated  air  as  muft  unite  to  it 


in  order  to  reduce  it  into  acid,  that  is,  two  or  three  times  its 
bulk,  would  difappear,  and  no  more;  fo  that  the  whole  dimi- 
nution could  not  exceed  three  or  four  times  the  bulk  of  the 
phlogifticated  air : whereas,  if  the  diminution  proceeded  from 
the  burning  of  the  inflammable  matter,  the  purer  the  dephlo- 
gifticated air  was,  the  greater  and  quicker  would  be  the  dimi- 
nution. 

The  refult  of  the  experiments  was,  that  when  dephlo- 
gifticated air,  containing  only  W of  its  bulk  of  phlo- 
gifticated air.  (that  being  the  pureft  air  I then  had),  was  con- 
fined between  ihort  columns  of  foap-lees,  and  the  fpark  palled 
through  it  till  no  further  diminution  could  be  perceived,  the 
air  loll  uUo  of  its  bulk  ; which  is  not  a greater  diminution  than 
might  very  likely  proceed  from  the  firft-mentioned  caufe  ; as 
the  dephlogifticated  air  might  eafily  be  mixed  with  a little 
common  air  while  introducing  into  the  tube. 

When  the  fame  dephlogifticated  air  was  confined  between 
columns  of  diftilled  water,  the  diminution  was  rather  greater 
than  before,  and  a white  powder  was  formed  on  the  furface  of 
the  quickfilver  beneath  ; the  reafon  of  which,  in  all  probabi- 
lity, was,  that  the  acid  produced  in  the  operation  corroded 
the  quickfilver,  and  formed  the  white  powder ; and  that  the 
nitrous  air,  produced  by  that  corrofion,  united  to  the  dephlo- 
gifticated air,  and  caufed  a greater  diminution  than  would 
otherwife  have  taken  place. 

When  a folution  of  litmus  was  ufed,  inftead  of  diftilled 
water,  the  folution  foon  acquired  a red  colour,  which  grew 
paler  and  paler  as  the  fpark  was  continued,  till  at  laft  it  be- 
came quite  colourlefs  and  tranfparent.  The  air  was  diminiftied 
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by  almoft  half,  and  I believe  might  have  been  ftill  further  di- 
mmifhed,  had  the  fpark  been  continued.  When  lirae-water 
was  let  up  into  the  tube,  a cloud  was  formed,  and  the  air  was 
further  diminifhed  by  about  one- fifth.  The  remaining  air  was 
good  dephlogifticated  air.  In  this  experiment,  therefore,  the 
litmus  was,  if  not  burnt,  at  leaf!;  decompounded,  fo  as  to  lofe 
entirely  its  purple  colour,  and  to  yield  fixed  air  ; fo  that,  though 
foap-lees  cannot  be  decompounded  by  this  procefs,  yet  the  folu- 
tion  of  litmus  can,  and  fo  very  likely  might  the  folutions  of 
many  other  combuftible  fubftances.  But  there  is  nothing,  in  any 
of  thefe  experiments,  which  favours  the  opinion  of  the  air  being 
at  all  diminifhed  by  means  of  phlogiflon  communicated  to  it 
by  the  eledtric  fpark. 
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XXIV.  An  Account  of  the  Meofurement  of  a Be f eon  Hounflow- 
Heath.  By  Major-General  William  Roy,  F.  R.S.  and  Af. 


Read  from  April  21  to  June  16,  1 785. 

INTRODUCTIO  N. 

ACCURATE  furveys  of  a country  are  univerfally  ad- 
mitted to  be  works  of  great  public  utility,  as  affording 
thefureff  foundation  for  almoR  every  kind  of  internal  improve- 
ment in  time  of  peace,  and  the  beR  means  of  forming  judi- 
cious plans  of  defence  againR  the  invafions  of  an  enemy  in 
time  of  war,  in  which  laff  circumffances  their  importance 
ufually  becomes  the  mod  apparent.  Hence  it  happens,  that  if 
a country  has  mot  actually  been  furveyed,  or  is  but  little  known, 
a Rate  of  warfare  generally  produces  the  firR  improvements  in 
its  geography  : for  in  the  various  movements  of  armies  in  the 
field,  efpecially  if  the  theatre  of  war  be  extenfive,  each  indi- 
vidual officer  has  repeated  opportunities  of  contributing, 
according  to  his  fituation,  more  or  lefs  towards  its  per- 
fection ; and  thefe  obfervations  being  ultimately  collected,  a 
map  is  fent  forth  into  the  world,  confiderably  improved  indeed, 
but  which,  being  Rill  defective,  points  out  the  neceRity  of 
fomething  more  accurate  being  undertaken,  when  times  and 
circumRances  may  favour  the  defign. 

The  rife  and  progrefs  of  the  rebellion  which  broke  out  in 
the  Highlands  of  Scotland  in  1745,  and  which  was  finally  fup- 
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p relied,  by  his  Royal  Highnefs  the  late  Duke  of  Cumberland,  at 
the  battle  of  Culloden  in  the  following  year,  convinced  Go- 
vernment of  what  infinite  importance  it  would  be  to  the  State, 
that  a country,  fo  very  inacceffible  by  nature,  fhould  be  tho- 
roughly explored  and  laid  open,  by  ehablifhing  military  polls 
in  its  inmoh  recedes,  and  carrying  roads  of  communication  to 
its  remote!!  parts.  With  a view  to  the  commencement  of 
arrangements  of  this  fort,  a body  of  infantry  was  encamped  at 
Fort  Augultus  in  1747,  under  the  command  of  the  late  Lord 
Blakeney,  at  that  time  a Major-General ; at  which  camp  my 
much  refpedted  friend,  the  late  Lieutenant-General  Watson, 
then  Deputy  Quarter- Maher- General  in  North  Britain,  was 
officially  employed.  This  officer,  being  himfelf  an  engi- 
neer, adtive  and  indefatigable,  a zealous  promoter  of  every 
ufeful  undertaking,  and  the  warm  and  heady  friend  of  the  in- 
duhrious,  firh  conceived  the  idea  of  making  a map  of  the  High- 
lands. As  aflihant  Quarter- Maher,  it  fell  to  my  lot  to  begin,  and 
afterwards  to  have  a confiderable  lhare  in,  the  execution  of  that 
map ; which  being  undertaken  under  the  aufpices  of  the  Duke 
of  Cumberland,  and  meant  at  firh  to  be  confined  to  the 
Highlands  only,  was  neverthelefs  at  lah  extended  to  the  Low- 
lands ; and  thus  made  general  in  what  related  to  the  mainland 
of  Scotland,  the  ihands  (excepting  fome  leffer  ones  near  the 
coah)  not  having  been  furveyed. 

Although  this  work,  which  is  hill  in  manufcript,  and  in  an 
unfinifhed  hate,  pofl'effes  confiderable  merit,  and  perfectly  an- 
fwered  the  purpofe  for  which  it  was  originally  intended ; yet, 
having  been  carried  on  with  inhruments  of  the  common,  or 
even  inferior  kind,  and  the  him  annually  allowed  for  it  being 
inadequate  to  the  execution  of  fo  great  a defign  in  the  bell 
manner,  it  is  rather  to  be  confidered  as  a magnificent  military 
a iketch, 
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{ketch,  than  a very  accurate  map  of  a country.  It  would, 
however,  have  been  completed,  and  many  of  its  imperfections 
110  doubt  remedied;  but  the  breaking  out  of  the  war  of  175^ 
prevented  both,  by  furnhhing  fervice  of  other  kinds  for  thofe 
who  had  been  employed  upon  it. 

On  the  conclufion  of  the  peace  of  1763,  it  came  for  the 
fird  time  under  the  confideration  of  Government,  to  make  a 
general  furvey  of  the  whole  ifland  at  the  public  cod:.  To- 
wards the  execution  of  this  work,  whereof  the  direction  was 
to  have  been  committed  to  my  charge,  the  map  of  Scotland 
was  to  have  been  made  fubfervient,  by  extending  the  great  tri- 
angles quite  to  the  northern  extremity  of  the  illand,  and  filling 
them  in  from  the  original  map.  Thus  that  imperfect  work 
would  have  been  effectually  completed,  and  the  nation  would 
have  reaped  the  benefit  of  what  had  been  already  done,  at  a 
very  moderate  extra- expence. 

It  will  not  be  expected,  that  I (hould  here  attempt  to  afiign 
caufes  for  the  long  delay  that  has  taken  place  in  carrying  a 
work  of  fo  laudable  a nature  into  execution  : fuffice  it  to  fay, 
that  a period  of  twelve  years  having  elapfed,  fince  the  fcheme 
had  been  fird  propofed,  as  a work  that  could  be  bed  executed 
in  time  of  profound  peace,  withouf  any  thing  being  done  in  it, 
previous  to  the  nation’s  being  unfortunately  involved  in  the 
American  war;  it  was  diffidently  obvious,  that  peace  mud  be 
once  more  redored,  before  any  new  effort  could  be  made  for 
that  purpofe.  In  the  mean  while,  as  I ftill  entertained  hopes 
that  a work  which  feerned  to  merit  the  attention  of  the  public, 
would,,  at  fome  future  period,  be  begun,  and,  by  gradual  per- 
feverance,  ultimately  brought  to  perfection ; therefore,  in 
the  courfe  of  my  ordinary  military  employments,  wherein 
the  very  bed  opportunities  have  offered  of  acquiring  a 
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thorough  knowledge  of  the  country,  I have  not  failed  to  oh- 
ferve,  at  leaf!  in  a general  way,  fuch  fituations  as  feemed  to 
be  the  bell:  adapted  for  the  meafurement  of  the  bafes  that 
would  be  neceflary  for  the  formation  of  the  great  triangles, 
and  connecting  the  different  feriefes  of  them  together. 

The  peace  of  1783  being  concluded,  and  official  bufinefs 
having  detained  me  in  or  near  town  during  the  whole  of  that 
hummer,  I embraced  the  opportunity,  for  my  own  private 
amufement,  to  meafure  a bale  of  7744.3  feet,  acrofs  the  fields 
between  the  Jews-Harp,  near  Marybone,  and  Black-Lane, 
near  Paticras ; as  a foundation  for  a feries  of  triangles,  carried 
on  at  the  fame  time,  for  determining  the  relative  fituations  of 
the  moft  remarkable  fteeples,  and  other  places,  in  and  about 
the  Capital,  with  regard  to  each  other,  and  the  Royal  Obfer- 
vatory  at  Greenwich.  The  principal  objeT  I had  here  in  view 
(befides  that  it  might  polfibly  ferve  as  a hint  to  the  public,  for 
the  revival  of  the  now  almoft  forgotten  fcheme  of  1763) 
was,  to  facilitate  the  comparifon  of  the  obfervations,  made  by 
the  lovers  of  aftronomy,  within  the  limits  of  the  projected 
furvey;  namely,  Richmond  and  Harrow,  on  the  welt;  and 
Shooter’s-Hill  and  Wanfted,  ontheealt:  and  thinking,  that  a 
Paper,  containing  the  refult  of  thefe  trigonometrical  operations, 
might  not  prove  unacceptable  to  the  Royal  Society,  I was  en- 
gaged in  making  the  computations  for  that  purpofe,  when, 
very  unexpectedly,  I found,  that  an  operation  of  the  fame 
nature,  but  much  more  important  in  its  objedt,  was  really  in 
agitation.  This  I law  would  fuperfede,  at  leaft  for  the  prefent, 
my  own  private  obfervations,  and  perhaps  render  them  wholly 
ufelefs,  urrlefs  it  were  as  a matter  of  mere  curiofity  hereafter, 
to  fee  how  far  fuch  as  depended  on  a ffiort  bafe,  and  a fmall 
inflrument  (a  quadrant  of  a foot  radius)  would  agree  with 
1 thofe 
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thofe  founded  on  a much  longer  bafe,  and  angles  determined 
by  a large  circular  indrument,  being  that  propofed,  as  the 
bed;  that  could  be  made  ufe  of  in  the  operation  now  to  be 
mentioned. 

In  the  beginning  of  October,  1783,  Comte  d’Adhemar, 
the  French  Ambadador,  tranfmitted  to  Mr.  Fox,  then  one  of 
his  Majedy’s  principal  Secretaries  of  State,  a Memoir  of  M. 
Cassini  de  Thury,  in  which  he  fets  forth  the  great  advan- 
tage that  would  accrue  to  aftronomy,  by  carrying  a feries  of 
triangles  from  the  neighbourhood  of  London  to  Dover,  there 
to  be  connected  with  thofe  already  executed  in  France,  by 
which  combined  operations  the  relative  fituations  of  the  two 
mod  famou's  obfervatories  in  Europe,  Greenwich  and  Paris, 
would  be  more  accurately  afeertained  than  they  are  at  prefent 

This  Memoir  the  Secretary  of  State,  by  his  Majedy’s  com- 
mand, tranfmitted  to  Sir  Joseph  Banks,  the  very  refpedtable 
and  worthy  Prefident  of  the  Royal  Society ; who,  about  the 
middle  of  November,  was  pleafed  to  communicate  it  to  me, 
propofmg  at  the  fame  time,  that  I ihould,  on  the  part  of  the 
Society,  charge  myfelf  with  the  execution  of  the  operation. 
To  this  propofition  I readily  adented,  on  being  foon  afterwards 
afliired,  through  the  proper  official  channels,  that  my  under- 
taking it  met  with  his  Majedy’s  mod  gracious  approbation. 

A generous  and  beneficent  Monarch,  whofe  knowledge  and 
love  of  the  fciences  are  fufficiently  evinced  by  the  protection 
which  he  condantly  affords  them,  and  under  whofe  aufpices 
they  are  feen  daily  to  fiourifh,  foon  fupplied  the  funds  that 
were  judged  neceflary.  What  his  Majedy  has  been  pleafed  to 

* M.  Cassini  s Memoir,  with  the  Aftronomer  Royal’s  remarks  on  what  is 
therein  alledged,  concerning  the  uncertainty  of  the  relative  fituations  of  the  two 
Obfervatories,  will  be  given  in  the  fequel. 
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give  fo  liberally,  it  is  our  duty  to  manage  with  proper  and  be- 
coming frugality,  coniiilent  with  the  beft  poffible.  execution  of 
the  biuinds  to  be  done,  fo  as  to  make  it  redound  to  the  credit 
of  the  Nation  in  general,  and  of  this  Society  in  particular. 

The  operation,  whereof  we  are  now  to  give  fome  account, 
being  the  firft  of  the  kind,  on  any  extenfive  fcale,  ever  under- 
taken in  this  country,  naturally  enough  fob-divides  itfelf  into 
two  parts.  Firft,  the  choice  and  inealurement  of  the  bafe,  with 
every  poffible  care  and  attention,  as  the  foundation  of  the 
work ; fecondiy,  the  difpofition  of  the  triangles,  whereby  the 
bafe  is  to  be  connected  with  fuch  parts  of  the  coaft  of  this, 
iftandas  are  neareft  to  the  coaft  of  France,  and  the  determina- 
tion of  their  angles,  by  means  of  the  beft  inftrument  that  can  be 
obtained  for  the  purpofe,  from  which  the  refult  or  conclufjon 
will  be  drawn.  It  is  the  firft  part  only,  as  a fubjebt  of  itfelf 
fdfficiently  diftinft,  that  we  are  now  to  lay  before  the  Society  ; 
it  having  been  judged  more  advifable,  to  fhew  that  no  time 
has  been  loft  in  making  reafonable  progress,  than  to  defer  the 
account  till  the  whole  operation  fhould  be  ultimately  com- 
pleted. 
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Hounflow-Heath  having  always  appeared  to  be  one  of  the 
moft  eligible  fituations,  for  any  general  purpofe  of  the  fort 
now  under  conlideration,  becaufe  of  its  vicinity  to  the  Capital 
and  Royal  Obfervatory  at  Greenwich,  its  great  extent,  and  the 
extraordinary  levelnefs  of  its  fur  face,  without  any  local  ob- 
ftruftions  whatever  to  render  the  meafurement  difficult ; be- 
ing likewife  commodioufly  fituated  for  any  future  operations  of 
a fimilar  nature,  which  his  Majefty  may  pleafe  to  order  to  be 

extended 
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extended  from  thence,  in  different  directions,  to  the  more  re- 
mote parts  of  the  ifland,  it  was  propofed  to  Sir  Joseph  Banks, 
that  the  local  circumdances  ihould  be  actually  examined ; fo 
far,  at  lead,  as  t©  enable  us  to  form  home  judgement,  of  the 
bed  pofition  of  the  line  to  be  meafured. 

The  1 6th  day  of  April,  1784,  being  accordingly  fixed  on 
for  the  purpofe,  and  Mr.  Cavendish  and  Dr.  Blagden 
accompanying  the  Prefident  on  this  occafion,  we  began  our 
obfervations  at  a place  called  King’s  Arbour,  at  the  north- wed 
extremity  of  the  Heath.,  between  Cranford -Bridge  and  Long- 
ford;; andjiaving  proceeded  from  thence  through  the  narrow 
gorge,  formed  by  Hanworth-Park  and  Han worth-Farm,  we 
finifhed  at  Hampton  Poor-houfe,  near  the  fide  of  Bufhy-Park, 
at  the  fouth-ead  extremity ; the  total  didance,  from  the  furvey 
■of  Middlefex,  being  upwards  of  five  miles. 

On  this  infpeCtion  it  was  immediately  perceived,  that  the 
fird  part  of  the  operation,  in  order  to  facilitate  the  meafure- 
ment,  would  be,  the  clearing  from  furze-buflies  and  ant-hills, 
a narrow  traCt  along  the  heath,  as  foon  as  the  ground  fhould 
be  diffidently  dry  to  permit  the  bade  to  be  accurately  traced  out 
thereon. 

Fir  ft  tracing  of  the  Safe,  and  clearing  of  the  Ground,  Tab.  XVL 

Chiefly  with  a view  to  the  more  effectual  execution  of  the 
work,  it  was  judged  to  be  a right  meafure  to  obtain  and  em- 
ploy foldiers,  indead  of  country  labourers,  in  tracing  the  bafe,p 
-clearing  the  ground,  and  afliding  in  the  fubfequent  operations® 
For,  at  the  iame  time  that  this  was  obvioufly  the  mod  frugal 
method,  it  was  evident,  that  foldiers  would  be  more  'attentive 
to  orders  than  country  labourers ; and  by  encamping  on  the 
V cl.  LXXV.  F f f fpot 
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fpot  would  furnifh  the  neceffary  centinels,  particularly  during 
the  night,  for  guarding  fuch  parts  of  the  apparatus,  as  it  was 
forefeen  mu  ft  remain  carefully  untouched,  in  the  frequent  in- 
terims of  difcon tinning  and  refuming  the  work.  Accordingly, 
a party  of  the  12th  regiment,  of  foot,  confiding  of  a ferjeant, 
corporal,  and  10  men,  were  ordered  to  march  from  Windfor 
to  Hounflow- Heath,  where  they  encamped  on  the  26th  ©f 
May,  clofe  by  Hanworth  Summer-houfe,  to  which  fpot  the 
neceffary  tents,  camp  equipage,  and  entrenching  tools,  &c* 
had  been  previoufly  fent. 

Whatever  might  have  been  the  particular  di  reft  ion  given  to 
the  bafe  conf  dered  by  its  extremities,  from  confulting  the  plan 
it  will  eafily  appear,  that  it  muft  always  neceflarily  lead 
through  the  narrow  gorge  of  the  Heath  formed  by  Hanworth- 
Park  and  Hanworth-Farm.  The  firft  point  therefore  to  be 
attended  to,  in  tracing  it  out,  was,  that  it  might  lead  through 
this  pafs,  without  interfering  with  certain  ponds,  or  gravel-pits 
full  of  water,  which  are  in  it.  Thefe  were  eafily  avoided  by 
carrying  the  line  pretty  near  to  Hanworth  Summer-houfe  and 
in  directing  the  telefcope  from  thence  towards  the  fouth-eaft* 
it  was  accidentally  found,  that  by  leaving  Hampton  Poor- 
houfe  a very  little  to  the  weftward,  or  right,  the  line  would 
coincide  with  a remarkable  high  fpire,  feen  at  the  diftance  of 
eleven  or  twelve  miles,  and  known  afterwards  to  be  Banfted- 
Church.  As  there  could  not  be  a better  fituated,  or  more 
confpicuous  objedt  than  this,  therefore  the  fir  ft  or  iouth-eaft 
fedtion  of  the  bafe,  comprehended  between  the  Summer-houfe 
and  the  angle  of  the  fmall  field  adjoining  to  Hampton  Poor- 
houfe,  was  immediately  diredted  upon  it ; and  the  foldiers  were 
the  fame  day  fet  to  work  to  clear  the  tradt,  which,  at  a me- 
dium, was  made  from  two  to  three  yards  in  breadth.  This 

operation 
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operation  continued  eight  or  ten  days,  owing  to  the  lower  part 
of  the  heath,  between  Wolfey-River  and  the  Poor-houfe, 
being  encumbered  with  brufh-wood. 

When  the  clearing  of  the  firft  feflion  was  completed,  the 
fecond,  comprehended  between  the  Summer-houfe  and  the  great 
road  leading  from  Staines  to  London,  was  traced  out  in  the 
following  manner.  One  of  the  pyramidal  bell-tents  (whereof 
two  had  been  provided,  one  of  twenty-five,  and  the  other  of 
fifteen  feet  in  height)  being  placed  at  the  ftation  near  the 
Summer-houfe,  camp  colours  were  then  arranged  from  diftance 
to  diftance,  fo  as  to  be  in  a line  with  the  bell-tent  and  Banfted 
fpire.  In  like  manner,  the  third  feflion,  comprehended  be- 
tween the  Staines  Road  and  Ring’s  Arbour,  was  traced  out. 

This  firft  tracing  of  the  bafe  was  done  by  means  of  a com- 
mon telefcope  held  in  the  hand  only,  that  no  time  might  be 
loft  in  employing  the  foldiers  to  fmooth  the  tradt  which  was  to 
be  meafured  ; becaufe  the  tranfit  in  ft  rumen  t (my  own  pro- 
perty, for  which  a portable  ftand  had  been  for  fome  time  pre- 
paring) was  not  yet  ready  to  be  applied,  as  it  afterwards  was, 
in  tracing  out  the  bafe  more  accurately. 

The  camp  ftill  remained,  where  it  was  originally  pitched, 
at  the  angle  of  Hanworth-Park,  this  being  a very  convenient 
pofition,  with  regard  to  the  firft  and  fecond  fedlions;  but  being 
too  remote  from  the  third,  that  time  might  not  be  loft,  and 
the  men  unneceflarily  fatigued  in  marching  backwards  and  for- 
wards ; therefore,  one  half  of  the  party,  under  the  command 
of  the  corporal,  was  detached  to  the  northward,  and  quartered 
in  the  neighbouring  villages,  to  clear  the  third  fedlion,  while 
the  ferjeant,  with  the  remainder,  were  occupied  in  fmoothing 
the  fecond.  Owing  to  the  extraordinary  wetnefs  of  the  fea- 
ibn,  this  operation  required  more  time  than  had  been  at  firft 

F f f 2 imagined. 
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imagined,  not  having  been  entirely  finished  before  the  fir  it 
week  of  ]uly.  We- toll  therefore  leave  it  going  on,  and  in 
the  mean  time  proceed  to  defcribe  the  inftruments  that  were 
fubfequently  made  ufe  of  in  the.  frit  and  fecond  meafure- 
ments. 


Steel  Cham.  Tab.  X VII. 
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One  of  the  fir  ft  inftruments,  which  that  able  artift  Mr;. 
Ramsden  had  orders  to  prepare,  was-  a fteel  chain,  one  hun- 
dred feet  in  length,  the  beft  that  he  could  make.  Not  that  it? 
was  intended,.,  nor  could  it  be  fuppofed,  that  we  fhould  abfo- 
lutely  abide  by  the  refult  that  this-  chain  fliould  furnifti  us* 
with,  for  the  length  of  the  bafe  but  it  was  hoped,  that  an 
inftriraient  of  this  fort  might  be  made,  which  would  meafure 
diftances  muck  more-  accurately  than  any  thing  of  that  kind 
had  ever-  dbne  before:-  and  it  was  considered'  as  an  objedl  of 
fome  confequence,  to  endeavour  to  fi-mplify,  and  render  as  eafy 
as  poffibie,  the  measurement  of  bafes  in  future : an  operation 
which,,  hitherto,  has  always-  been  found  to  be  tedious  and 
t roublfefome,  to  which  we  may  now  further  add,  uncertain 
likewife,  when  done  with  rods  of  deal-,  as,  will  appear  from  the 
account  hereafter  to-be  given. 

The  conft  ruction  of  the  chain,  which- is  on  the  principles  of 
that  of  a watch,  will  beunderftood  from  the  representation  of 
fome  of  its  chief  parts-,  to  the  full  fixe,  in  tab.  XVII.  where 
the  firftt,  or  zero-end  link,  is  (hewn  both  in  plan. and  elevation, 
in  the  ftate  in  which  it  was  originally  applied  to  meafurement 
on  the  furface  of  the  ground;  Each  link  confifts  of  three 
principal  parts-;  namely,  a long  plate ; two  fhort  ones,  half 
the  thicknefs  of  the  former,  with  circular  holes  near  the 
e extremities.. 
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extremities  of  each  ; and  two  caft-fteel  pins,  or  axes,  fin  ted  tO'; 
the  diameters  of  the  holes,  which  ferve  to  connect  the.  adjoin- 
iiQo  links-  together.  The  holes  in  the  fhort  plates  are  made 
rough  or  jagged  with,  a file  ;;  fo- that  when,  they  have  embraced' 
the  ends  of  two- adjoining  Jong  ones,  and  the  pins  have  pafled. 
through  all  the  holes,  in  rivetting  their  extremities,  they  are. 
made  perfectly  fad,  and  as  it  were  united  to  the  fhort  plates;, 
while  the  embraced  ends  of  the  long  ones  turn  freely  round, 
on  the  middle  part  of  the  pins. 

At  every  tenth  link  the  joint,.  j,ufl.  now  defcribed,  has  a 
pofition  at  right-angles  to  the  former ; that  is  to  lay,  the  fhort 
plates  lie  here  horizontally,  and  the  pins  palling  through 
them  ftand  vertically,.  Thus,  there  being  in  the  whole  chain 
two  hundred  caft-fteel  pins,  one  hundred,  and  eighty  lie  hori- 
zontally; and  twenty,  including  the  two  by  which  the  han- 
dles are  attached,  ftand  vertically.  Thefe  crols- joints,  which 
were  chiefly  intended  that  the  chain  might  fold  up  in  a.  fm after 
eompafs,  by  returning,  upon  itfelf  at  every  tenth  link,  are 
likewife  ufeful  in  prefenting  a horizontal  lurface,.  to  which 
fin  all  circular  pieces  of  brafs  are  fcrewed,  with,  figures  1,.  2,  3, 
&c.  to  9,.  engraved  on  them,.,  denoting  the  decimal  parts  of  the 
length.  Thus  the.  middle  crofs-joint,  or  that  which  feparates- 
the  50th  from  the  51ft  link,,,  is  fhewn  in  the  Plate  with  the 
figure  5 upon  it. 

The  chain,  in  its  fir  ft  conftructlon  (for  We  -ape  now  to  point 
out  Tome  alterations  that  were  afterwards  made  in  it),  was  one 
hundred,  feet  in  length,  including  the  two  brafs  handles  ; in 
the  extremity  of  each  of  which  there  was  a femi- circular  hole, 
of  the  fame  diameter  with  the  fteel  arrow's  fucceftively  fixed 
in  the  ground,  and  ferving  to  keep  the  account  of  the  number 
of  chains,  when  applied  to  common  meafurement,  In.  this  its 

fir  ft 
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firft  mode  of  application  It  was  foon  difcovered,  as  we  fhalt 
have  occafion  to  mention  hereafter,  how  admirably  the  chain 
performed ; and  that,  with  fome  farther  precautions,  a ff ill 
greater  degree  of  exadhiels  might  be  attained,  by  fupporting  it 
on  Hands,  or  even  on  planks,  laid  on,  or  but  little  removed 
from,  the  common  furface  of  the  earth.  For  this  purpofe, 
the  two  end-links  were  altered,  each  being  now  made  equal  to 
one  foot,  exclulive  of  the  handles.  By  referring  to  tab. 
XVII.  the  nature  of  this  alteration  will  be  ealily  conceived.  It 
confided  in  fcrewing  to  the  under  fide  of  the  handles,  very 
near  the  joints,  two  feather-edged  pieces  of  brafs  * ; the  one 
denoting  zero,  and  the  other  100  feet.  Over  the  dart  at  the 
firft,  a plummet  with  a line  fiver  wire  being  fufpended,  that 
wire,  by  a very  fmple  apparatus,  hereafter  to  be  defcribed, 
may  be  brought  accurately  to  coincide  with  any  point  whatever 
of  commencement:  and  at  the  fecond,  a fine  line  with  a 
knife,  or  other  Iharp  inftrument,  being  drawn  on  a piece  of 
card  placed  there  for  the  purpofe,  and  changed  as  often  as 
needful ; or,  as  was  likewife  pradtifed,  and  found  to  anlwer 
better,  a line  on  a moveable  Hide  of  brafs,  attached  to  the  top 
of  the  Hand  or  plank,  being  brought  to  coincide  with  the  fea- 
ther-edge, and  then  faftened  underneath  ; the  extremity  of  the 
loo  feet  is  readily  afcertained  : and  thus  the  meafurement 
may  be  continued  on  with  great  accuracy  to  any  diftance  at 
pleafure. 

That  the  chain,  in  this  its  altered  Hate,  may  Hill  be  ad  van- 
tageoufly  applied  to  ordinary  meafurement  on  the  furface  of 
the  earth,  the  pieces  above  defcribed,  having  fteady  pins,  and 
being  faftened  with  fcrews,  can  be  ealily  removed,  and  others, 

* They  were  originally  of  brafs,  but  are  now  of  fteel,  that  the  edges  by  being 
harder  might  run  lefs  rilk  of  being  damaged, 
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exactly  of  the  fame  length,  fubflituted  in  their  head,  with 
femi-circular  holes  (as  reprefented  in  the  Plate  by  dotted  lines 
near  the  joint  of  the  handle)  to  receive  the  heel  arrows,  then 
to  be  made  ufe  of  in  the  manner  already  mentioned. 

This  mod;  excellent  chain  feems  not  to  have  buffered  any 
perceptible  extenhon  from  the  ufe  that  has  hitherto  been  made 
of  it.  It  is  fo  accurately  conflrubled,  that  when  ilretched  out- 
on  the  ground,  as  in  common  ufe,  all  the  long  plates  lying 
vertically  or  edge-wife,  if  a perfon,  laying  hold  of  either  end 
with  both  hands,  gives  it  a flip  or  jerk,  the  motion  is,  in  a 
few  feconds,  communicated  to  the  other  end,  in  a beautiful 
vertical  ferpentine  line  ; when  the  perfon,  holding  that  handle, 
receives  a fudden  fhock,  by  the  weight  of  the  chain  pulling 
him  forcibly.  The  chain  weighs  about  eighteen  pounds,  and 
when  folded  up  is  eafily  contained  in  a deal  box,  about  four- 
teen inches  long,  eight  inches  broad,  and  the  fame  in  depth. 

Deal  Rods.  Tab.  XVIII. 

The  bafes  which  have  hitherto  been  meafured  in  different 
countries,  with  the  greatefl  appearance  of  care  and  exablnefs, 
have  all,  or  for  the  moll  part,  been  done  with  deal  rods  of  one 
kind  or  other,  whofe  lengths  being  originally  afeertained  by 
means  of  fome  metal  flandard,  were,  in  the  fubfequent  appli- 
cations of  them,  correbled  by  the  fame  flandard.  Having  thus 
had  fo  many  precedents,  ferving  as  examples  to  guide  us  in  our 
choice,  it  was  natural  enough  that  we  fhould  purfue  the  fame 
method  in  the  meafurement  to  be  executed  on  Hounflow- 
Heath  ; taking,  however,  all  imaginable  care,  that  our  rods 
fhould  be  made  of  the  very  bed;  materials  that  could  be  pro- 
cured^ 
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cured.;  with  this  farther  precaution,  that  by  trading  them-, 
they  (hould  be  rendered  perfectly  inflexible,  a circumffance  not 
before  attended  to. 

As  fome  difficulty  had  been  found  in  procuring  well-feafoned 
Pine-wood  of  fufficient  length,  and  perfectly  free  from  knots, 
for  the  intended  purpofe ; therefore  Sir  Joseph  Banks  had 
early  applied  to  the  Admiralty  for  afliftance  in  this  refpedt ; 
and  forthwith  obtained  an  order  to  be  furnifhed  with  what  we 
might  have  occaiion  for,  from  his  Maje fly’s  yard  at  Deptford, 
where  an  old  New- England  malt,  and  alfo  one  of  Riga  wood, 
were  l'peedily  cut  up  for  our  ufe. 

New-England  white  Pine  is  lighter,  lefs  liable  to  warp,  and 
lefs  affected  by  moiffure,  than  Riga  red  wood.  But  the  New- 
England  mail,  when  it  came  to  be  very  minutely  examined,  was 
found  to  be  too  much  wounded  by  (hot- holes  in  fome  parts, 
or  too  much  decayed  or  knotty  in  others,  to  afford  us  a fuffi- 
ciency.  This  being  the  cafe  we  had  recourfe  to  the  Riga 
wood,  which  was  indeed  extremely  fmooth  and  beautiful ; and 
fo  perfectly  dxaight-grained,  that  a fibre  of  it,  when  lifted  up, 
might  be  drawn,  like  a thread,  almoft  from  one  end  to  the 
other. 

It  had  been  in  contemplation,  to  make  the  rods  of  twenty- 
five  or  thirty  feet  in  length  ; and  one  of  the  former  dimenfions 
was  actually  conftructed  : ‘but  this  being  found  to  be  rather  too 
unwieldy,  it  was  judged  belt  to  content  ourfelves  with  thofe  of 
about  twenty  feet. 

Different  opinions  have  been  entertained  with  regard  to  the  bed: 
mode  of  applying  rods  in  meafurement ; fome  contending  that 
contacts,  or  that  of  butting  the  end  of  one  rod  againff  the  end  of 
the  other,  is  the  bed; ; while  others  (with  more  probability  of 

being 
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being  right)  are  of  opinion,  that  the  adjuftment  by  the  coin- 
cidences of  lines  fhould  have  the  preference.  The  firfl:  is  un- 
doubtedly the  moil  expeditious  method  ; but  feems  at  the  fame 
time  to  be  liable  to  this  very  objeflionable  circumftance,  that 
the  probable  errors  fall  all  one  way  : whereas,  in  the  fecond  me- 
thod, although  by  far  the  moft  tedious,  the  errors  of  coinci- 
dence falling  fometimes  on  one  fide,  and  fometimes  on  the 
other,  they  compenfate  for,  or  dedoy,  each  other;  and  there- 
fore no  error  is  committed. 


With  the  view  of  fatisfying  both  parties,  and  in  order  to  put 
the  matter,  if  poflible,  out  of  doubt,  it  was  judged  proper  to 
conftrud  the  rods  in  fuch  a manner  as  to  admit  of  both  me- 
; thods  being  tried,  that  we  might  adhere  to  that  which  fhoiild 
be  found  by  experience  to  be  the  befh 

Three  meafuring  rods  were  accordingly  ordered  to  be 
i made,  and  alfo  a dndard  rod,  with  which  the  former 

K 

1 were  from  time  to  time  to  be  compared.  Their  general. 

« conduction  will  be  better  conceived  from  the  plan  and 
elevation,  and  other  reprefentations  of  their  principal  parts/ 
in  tab.  XVIII.  than  by  any  defcription,  however  parti 
cular,  conveyed  in  words.  It  will  be  fufficient  to  fay,  that 
the  Items  of  the  three  meafuring  rods  are  each  twenty  feet 
1 three  inches  in  length,  reckoning  from  the  extremities  of  the 
bell-metal  tippings ; very  near  two  inches  deep  ; and  about  1 1 
inch  broad.  Being  truffed  laterally  and  vertically,  they  are  thereby 
rendered  perfe&ly,  or  at  leaft  as  to  fenfe,  inflexible.  The  dn- 
dard rod  could  only  be  miffed  laterally;  and  it  is  juftly  repre- 
sented by  the  plan  of  the  other  rods,  excepting  that  its  Idem 
is  fomething  danger,  and  that  it  has  two  or  three  inches  at 

each  end  of  extra- length,  the  reafons  for  which  differences 
%vill  appear  hereafter. 
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By  referring  to  the  Plate  it  will  be  observed,  that  two  nar- 
row pieces  of  ivory,  each  faBened  with  two  lmall  fcrews,  are 
inlaid  into  the  upper  furface  of  the  rods,  within  one  inch  and 
a half  of  the  extremities  of  the  tippings.  Thefe  ivory  pieces 
received  the  fine  black  lines  cut  into  them  when  the  lengths  of 
the  rods  were  laid  off,  in  the  manner  hereafter  to  be  mentioned, 
and  accurately  determined  the  intermediate  difla-nce  of  20  feet, 
or  24©  inches,  the  meal ure  to  he  ufecl  in  the  application  by 
coincidences : whereas,  in  that  by  contacts,  the  fpace  com- 

prehended between  the  extremities  of  the  projecting  lips  of 
the  tippings,  is  243  inches. 

Immediately  behind  each  ivory  piece,  a cavity  is  formed  un- 
derneath, in  the  middle  of  the  Item.  This  receives  a brafs 
wheel,  about  eight-tenths  of  an  inch  in  diameter,  whofe  axis 
turns  in  the  fork  of  a -brafs- fpring,  live  inches  long,  faftened 
by  a ferew  to  the  under  furface  juft  before  the  crofs  feet. 
Thefe  fprings  are  only  of  fuch  Brength  as  to  permit  the  wheels 
to  be  forced  up  into  the  cavities  by  the  weight  of  the  rod, 
which,  in  its  adjuBed  Bate,  always  refts  entirely  on  the  fur- 
faces  of  the  two  frauds  that  fupport  its  extremities.  But 
when  the  rod  is  to  be  raifed  from  the  Bands,.  then  the  milled- 
headed  fcrews,  projecting,  above  the  upper  furface,  and  Banding 
over  the  middle  of  the  fprings,  being  brought  to  a£t,  the 
wheels  are  thereby  prefled  downwards,  and  receive  the  full 
weight  of  the  rod,  which  is  then  eafily  moved  backwards  or 
forwards  to  its  true  pofition,  either  of  contact  or  coincidence. 

The  crofs-feet,  placed  about  $i  Inches  from  the  ends  of  the 
rods,  and  if  inch  from  the  infertion  of  the  truffings,  are  each 
about  nine  inches  long,  1 1 broad,  and  nearly  an  inch  in  depth, 
having  their  lower  furfaces  level  with  that  of  the  Bern.  By  , 
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means  of  thefe,  the  rods  are  not  only  kept  more  Heady  on  the 
{lands,  againft  the  common  aflion  of  the  wind  upon  the  truf- 
hngs  ; but  they  likewife  ferve  as  holds  for  the  vertical  and  hori- 
zontal brafs  clamps,  whereby  the  rods  are  made  fall  to  the. 
ftands  on  one  fide  or  other,  and  in  both  modes  of  application, 
contacts  and  coincidences;  as  will  be  more  fully  explained 
hereafter,  in  defcribing  the  tops  of  the  (lands. 

Brafs  Standard  Scale , and  method  of  laying  off  the  lengths  cf  the 

Beal  Rods. 

At  the  fale  of  the  mflruments  of  the  late  ingenious  optician 
Mr.  James  Short,  I purchafed  a finely  divided  brafs  kale,  ot 
the  length  of  42  inches,  with  a Vernier’s  diyiiion  of  100  at 
one  end,  and  one  of  50  at  the  other,  whereby  the  iooct.h  part 
of  an  inch  is  very  perceptible.  It  was  originally  the  property 
of  the  late  Mr,  Graham,  the  celebrated  Watch-maker;  has 
the  name  of  Jonathan  Sisson  engraved  upon  it:  but  is 

known  to  have  been  divided  by  the  late  Mr.  Bird,  who  then 
Worked  with  Sisson. 

- It  is  fufficiently  well  known  to  this  Society,  that  their  brafs 
flandard  fcale,  about  42  inches  long,  which  contains  on  it 
the  length  of  the  flandard  yard  from  the  Tower,  that  from 
the  Exchequer,  and  alfo  the  h rench  half- toife,  together  with 
the  duplicate  of  the  faid  fcale,  fent  to  Paris  for  the  ufe  or  the  ’ 
Royal  xWademy  of  Sciences,  were  both  made  by  Mr.  J&na- ■ 
than  Sisson,  under  Mr,  Graham  s immediate  aireffion. 
Now,  although  there  feemed  to  be  every  reafon  to  fuppofe, 
that  the  fcale  at  p refen t in  my  pofieffion,  originally,  Mr.  Gra- 
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ham’s  property,  would  correfpond  with  thofe  above-mentioned, 
which  he  had  been  diredled  by  the  Royal  Sociey,  with  fo  much 
care  and  pains,  to  provide;  yet,  that  nothing  of  this  fort 
might  remain  doubtful,  it  was  judged  right,  in  fettling  the 
abfolute  length  of  the  bafe,  which  I meafured  near  London 
in  1783,  as  has  been  mentioned  in  the  introduction  to  this 
Paper,  that  the  two  fcales  fhould  be  actually  compared.  Hav- 
ing accordingly  obtained  an  order  from  the  Preiident,  for  ad- 
miffion  into  the  Society’s  Apartments,  I went  there  in  the 
afternoon  of  the  13th  of  Auguft,  and  laid  both  fcales  taken 
out  of  their  cafes  on  the  table  of  the  meeting-room,  with 
thermometers  along-fide  of  them,  that  they  might  acquire 
the  fame  temperature.  On  the  forenoon  of  the  15th  of  Au- 
guffc  the  companion  was  made,  with  the  afti fiance  of  Mr. 
Ramsden,  who  for  that  purpofe  carried  along  with  him  his 
curious  beam-compafies,  whole  micrometer-fcrew  fhew3  very 
perceptibly  a motion  of  -—g-th  part  of  an  inch.  Thus  the 
extent  of  three  feet,  being  carefully  taken  from  the  Society’s 
ftandard,  and  applied  to  my  fcale,  it  was  found  to  reach  exactly 
to  36  inches,  the  temperature  being  65°.  In  Jike  manner,  the 
beam-compaffes  being  applied  to  the  length  of  the  Exchequer 
yard,  the  extent  was  now  found  by  the  micrometer  to  over- 
reach  that  yard  by  TJ^9_^.th,  or  nearly  _y^_tli'  parts  of  an 
inch. 

Having  thus  fhewn  that  my  fcale  is  accurately  of  the  fame 
length  with  the  Society’s  ftandard,  it  remains  to  point  out  the 
ufe  that  was  made  of  it,  for  afcertaining  the  lengths  of  the 
deal  rods,  intended  for  the  operation  on  Hounflow-Heath.  In 
the  firfl  place,  Mr.  Ramsden  prepared  a beam-compafs,  fuf- 
ficient  to  take  in  twenty  feet,  truffed  in  all  refpe&s  like  the 
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measuring  rods,  but  fomething  deeper,  and  fitted  as  ufual  with 
proper  points  and  micrometer.  The  ffandard  rod  being  now 
1 conffruffed  was  laid  on  the  fhop -board,  ffrongly  framed  for 
l the  purpofe,  and  nearly  level.  To  one  fide  of  it,  at  the  diffance 
of  about  twenty  feet  two  inches  from  center  to  center,  two 
ffrong  bell- metal  cocks  were  firmly  fcrewed.  Thefe  cocks 
1 were  about  2\  inches  in  length,  three-eighths  in  thicknefs, 
and  rofe  above  the  Hem  nearly  two  inches,  fo  as  to  be  on  the 
fame  plane  with  the  furface  of  the  meafuring  rods,  when 
placed  upon  it. 

A large  plank,  cut  from  the  New-En  gland  maft,  upwards  of 
! thirty  feet  long,  nine  or  ten  inches  broad,  and  about  three 
i inches  thick,  being  fet  edge-wife  in  the  fame  room,  on  part  of 
the  Hands  now  ready  for  the  operation,  was,  in  that  pofition, 
planed  perfectly  fmooth  and  Hraight.  A filver  wire  being  then 
Hretched  very  tight,  along  the  middle  of  the  plank,  from  one 
end  to  the  other,  fix  fpaces  of  forty  inches  each  were  marked 
off  by  the  fide  of  the  wire,  at  which  points  feven  brafs  pins, 
about  one-tenth  of  an  inch  in  diameter,  were  driven  into  the 
wood,  and  their  tops  polilhed  with  the  Hone.  During  the  whole 
of  this  operation,  and  that  which  followed,  the  thermometer, 
lying  by  the  fide  of  the  brafs  fcale,  continued  Headily  at  or  very 

near  62. 

^ . 1 

A fine  dot  being  now  made  on  one  of  the  extreme  pins,  and 
the  filver  wire  being  Hretched  over  the  dot,  and  as  near  as  pof- 
fible  over  the  middle  of  the  other  pins,  in  which  pofition  it 
was  made  faff ; the  extent  of  forty  inches,  taken  with  the 
utmoff  care  from  the  brafs  fcale,  was  then  marked  off,  by 
i placing  one  point  of  the  beam-compafles  in  the  dot,  and  with 
the  other  defcribing  a ffiort  faint  arc  on  the  furface  of  the  fe- 
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cond  pin.  The  beam  being  then  removed,  and  one  point 
jbiaced  in  the  interfeclion  of  the  arc  and  wire,  with  the  other 
• point  a dot  was  made  on  the  third  pin,  under  the  middle  of 
the  wire.  Upon  this  dot,  as  a center,  a faint  arc  was  next 
Tlefcribed  on  the  fame  pin  where  the  firft  had  been  traced.  In 
this  manner  the  fix  times -forty  inches  were  marked  off,  alter- 
nately with  dots  and  arcs ; a method  found  by  Mr.  Ramsden, 
in’ his  practice, : to  be  more  accurate,  than  when  dots  only  are 
made  ufe  of. 

The  exadt  length  of  twenty  feet,  thus  obtained,  was  next 
taken  between  the  points  of  the  long  beam-compafles,  and. 
transferred  to  the  tops  of  the  bell-metal  cocks,  placed,  as  has 
been  already  mentioned,  on  the  fide  of  the  ftandard  rod,  in 
fuch  manner  as  to  leave  more  than  one  inch  and  a half  of  the 
faid  cocks  beyond  or  without  the  lines  denoting  the  extent  of 
the  twenty  feet.  This  being  done,  the  meafu ring  rods  were 
fucceflively  placed  on  the  ftandard,  and  their  fides  applying 
dole  to  the  cocks,  the  diftance  of  twenty  feet  was  readily 
transferred  from  them  to  the  inlaid  ivory  pieces,  on  which  fine 
dines  were  afterwards  cut,  by  marks  accurately  made  for  that 
purpofe. 

With  regard  to  the  adjuftment  of  the  lips  of  the  bell-metal 
tippings,  which  extend  exaftly  one  inch  and  a half  beyond  the 
ivory  lines,  fo  as  to  make  the  total  length  of  the  rod  243 
inches,  it  is  to  be  obferved,  that  they  terminate  in  flat  curves 
of  3 \ inches  radius,  pafling  through  the  inch  and  half  points, 
to  which  they  were  cautioufly  ground  down,  that  at  firft  they 
might  rather  exceed  than  be  defective  in  length.  Any  two 
of  the  rods,  lying  in  the  fame  plane,  and  alfo  in  the  fame 
ftraight  line,  being  brought  into  contact  with  each  other ; if 
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of  the  true  length,  the  fpace  in  that  pofition,  comprehended 
between  the  two  lines  on  the  inlaid  ivory  pieces,  mu  ft  be 
exa&ly  three  inches.  For  the  purpofe  of  this  adjuftment,  the 
extent  of.  three  inches  was  therefore  taken  from  the  brafs  fcale 
and  cut  upon  the  fide  of  a detached  piece  of  ivory  ; which 
1 being  readily  applied  to  the  aforefaid  intermediate  fpace,  the 
fame  was  gradually  reduced,  .by  grinding  the  lips  equally,  till 
it  exactly  correfponded. with  that  taken  from  the  fcale. 

The  three. rods  are  numbered  by  a cypher  on  the  furface  of 
the  metal  at  each  end,..  1.2  ; 3.4;  5.6  ; and  that  being  the  order 
in  which  they  were  to  be  applied  in  adlual  meafurement,  fo  it 
i was  likewife  the  order  in  which,  they  were  adjufted  ; that  is  to 
fay,  the. rod  1.2  was  adjufted  with  3.4,  and  with  5.6;  and 
I the  rod. 3. 4 . was,  in  like  manner,  adjufted  with  1.2  and  5.6. 

One  of  thefe. deal  rods,  when  fimfhedi  was  found- to  weigh 
1 twenty- four  pounds.  They  were  intended  to  be  contained  in 
1 two  chefts,  one  large  and  the  other  final lei>  The  large  cheft, 
which  is  about  2I  feet  deep,  may  be  called  a double  one,  becaufe 
| it  has  two  lids  that  lift  quite  off,  which,  in  turning  upfide 
down,  become  alternately  top  and  bottom,  having  between 
I them,  Tut  much  i nearer  to  the  one  than-  the  other,  a bottom 
that  is  common  to  both.  The  fhallow  ftde  holds  the  ftandard 
rod';  and  the  other,  .two  of  the  meafuring  rods;  which  laft  is 
I rendered  practicable  by->  having  one  of  the  fide  braces  of  each 
fixed  only  with  fcrews,  fo  as  to  be  removed  and  replaced  at; 
pleafure.  Thus,  one  of  the  rods  being  laid  in  its  place,  the 
other  is  put  over  it.  in>  an  inverted  pofition  ; ;and  both  having  the 
! proper  faftenings  to  keep,  . them  bn  their  pofitionsi  the  lid  is 
then  put  on,  and  fixed  by  ftcrews.  The  cheftbeing  now  turned 
1 upfide  down,  and.  the  other  lid  . removed,  the  ftandard  is 
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thereby  difcovered  reding  on  the  common  bottom,  which  has 
bands  laid  acrofs  it  for  the  purpofe,  a few  inches  below  what 
has  now  become  the  furface  of  the  cheft.  It  was  necef- 
fary  that  the  ftandard  fhould  reft  thus  high,  both  that  the 
light  might  come  freely  upon  it,  and  that,  being  fupported  by 
the  deep  Tides  of  the  cheft,  it  might  be  prevented  from  twill- 
ing, for  it  will  be  remembered  that  it  is  only  trufled  laterally. 
By  means  of  a fmall  brafs  fprftig  fixed  to  each  end  of  the 
ftandard,  a fine  filk  thread,  as  being  lefs  liable  to  accident  than 
filver  wire,  is  ftretched  along  its  ftem,  which  by  fmall  wedges 
prepared  for  the  purpofe,  and  flipped  in  between  it  and  the 
bands  on  which  it  refts,  is  always  brought  into  the  fame  pofi- 
tion.  This  being  done,  the  filk  thread  is  turned  off,  fo  as  to 
permit  the  meafuring  rods  to  be  laid  on  the  ftandard  for  com- 
parifon.  With  regard  to  the  fmaller  cheft,  fiuch  a one  was 
adtually  made,  and  fent  down  to  the  heath,  towards  the  clofe 
of  the  operation  with  the  deal  rods  ; but  from  fome  miftake  in 
its  dimenfions,  it  would  not  admit  the  third  rod. 


Stands  for  the  Meafuring  Hods,  Tab.  XVIII.  and  XIX. 

From  the  extraordinary  levelnefs  of  Hounflow-Heath,  the 
afcent  from  the  fouth-eaft  towards  the  north-weft  being  little 
more  than  one  foot  in  a thoufand  in  the  diftance  of  five  miles, 
it  was  eafily  feen,  that  the  computed  bafe-line,  or  that  aflually 
forming  a curve  parallel  to  the  furface  of  the  fea,  at  that  height 
above  it,  would  fall  fo  little  fhort  of  the  hypothenufal  diftance, 
meafured  on,  or  parallel  to,  the  furface  of  the  Heath,  as 
fcarcely  to  deferve  notice,  had  it  not  been  thought  neceflary  to. 
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lhew,  how  much  one  end  of  the  bafe  was  really  higher  than 
the  other;  and  to  convince  the  world,  that  in  an  operation  of 
this  fort,  where  fo  much  accuracy  was  expected,  no  pains 
were  fpared,  nor  the  mod  trivial  circumftances  negleded. 

From  the  trouble  and  uncertainty  attending  the  frequent  ufe 
of  plummets,  efpecially  in  windy  weather,  in  fie  ad  of  mea- 
iuring  level  or  bafe  lines,  as  has  hitherto  been  cuHomary  (in 
which  cafe  it  would  have  been  neceflary  to  make  ufe  of  the 
plummet,  or  fome  luch  contrivance,  at  every  Hep  of  afcent  or 
defcent)  it  was  judged  to  be  a better  method  to  meafure  hy- 
pothenufes,  and,  having  obtained  the  relative  heights  of  the 
flattens  by  the  accuiate  application  of  the  telefcopic  fpint- 
level,  to  compute  the  bafe  lines.  Thus  it  was  propofed,  that 
the  length  of  the  bafe  on  Hounflow-Heath  fhould  be  obtained 
by  meafuring  a line  through  the  air,  drawn  parallel  to 
the  common  furface  from  ftation  to  Nation,  in  equal  diftances 
of  200  yards  or  600  feet  each,  as  reprefented  in  the  figure  at 
the  top  of  tab.  XVIII. 

For  this  purpofe,  two  kinds  of  Hands  wereufed;  onewhofe 
height  was  fixed,  to  be  placed  at  the  beginning  and  end  of 
each  2co  yards ; and  the  others,  whole  heights  were  movea- 
ble, that  their  furfaces  might  be  brought  more  eafily  to  coin- 
cide with  the  line  palling  through  the  air  from  one  fixed 
Hand  to  the  other.  The  fixed  Hands  in  their  firH  Hate,  repre- 
fented by  that  towards  the  left-hand  in  the  plate  for  the  deal 
rods,  were  only  two  feet  feven  inches  in  height ; but  when  the 
glafs  rods  were  afterwards  ufed,  they  had  an  additional  piece 
of  ten  inches  faflened  to  the  top  (as  in  the  left-hand  Hand  of 
tab.  XIX.)  which  made  their  total  height  above  the  Heath, 
including  tne  platform  on  which  they  Hood,  three  feet  and  a 
hair,  i ney  are  tripods  of  white  deal,  whofe  legs  extend  about 
Vol.LXXV.  Hhh  three 
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three  feet  from  each  other ; and  being  braced  diagonally,  are 
mortoifed  at  top  into  circles  of  the  fame  fort  of  wood.  Over 
this  circle,  a fquare  table  of  about  nf  inches  is  fixed,  com- 
pofed  of  oak,  and  mahogany  at  top  ; but  both  taken  together 
do  not  exceed  i|  inch  in  thicknefs. 

The  nature  of  the  moveable  Rands,  whereof  there  were  at 
laid  no  fewer  than  feventeen  provided,  will  be  comprehended 
from  the  reprefen  rations  of  them  towards  the  right-hand  in 
tab.  XVIII.  and  XIX.  Their  general  conRrudlion,  in  what 
regards  the  part  of  them  which  is  fixed,  differs  not  from  that 
of  the  others,  excepting  that  they  were  of  different  heights,, 
from  two  feet  to  about  two  feet  eight  inches,  fo  as  better  to 
fuit  the  irregularities  of  the  ground  where  it  might  be  necef- 
firry  to  place  them.  In  the  middle  of  each  of  thefe,.  an  hexa- 
gonal wooden  pipe  defcends,  from  the  top  to  within  two  or 
three  inches  of  the  bottom,  where  it  is  joined  by  a brace 
reaching  from  each  leg.  This  pipe  receives  the  common, 
cheefe  prefs  wooden  fcrew  (having  three  fides  Icrewed  and. 
three  plane),  to  the  top  of  which- the  fquare  table  is  attached. 
It  is  embraced  by  the  circular  nut,  or  winch  with  four  handles,, 
whereby  the  table  is  elevated  or  deprefled  at  pleafure  ; and  being, 
brought  to  its  proper  height,  is  there  made  perfectly  faR  by 
means  of  the  flat- headed  iron  fcrew,  which  paffing  through 
one  of  the  legs,  prefifes  an  iron  plate,  fixed  in  the  infide  of  the 
pipe,  againR  one  of  the  plane  fides  of  the  fcrew. 

In  defcribing  the  deal  rods,  there  has  already  been  occafion  to 
make  mention  of  the  vertical  and  horizontal  clamps,  whereby  the 
crofs-feet  are  fallen ed  to  the  table  on  the  top  of  the  Rand.  The  na- 
ture of  thefe  tables  will  be  beR  underRood  by  confulting  the  two 
plans  of  them  towards  the  right  hand  in  tab.  XVIII. ; whereof 
one  reprefen ts  the  two  grooves  fitted  for  the  alternate  reception 
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.of  the  horizontal  clamp,  according  to  the  ficle  on  which  the 
■rod  lies  that  is  to  be  moved  on  into  coincidence  ; and  the  other 
-{hews  it  actually  in  its  place,  with  the  clamp  itfelf  detached  in 
elevation  along-fide  of  it.  Thus  from  the  plan  it  may  be 
perceived,  that  the  firfl,  or  adjufted  rod,  lies  towards  the  far- 
ther fide  of  the  table,  and  is  there  fecured  by  the  vertical 
clamp.  The  fecond,  or  moveable  rod,  lies  on  the  hither  fide, 
and  therefore  the  horizontal  clamp  is  placed  in  the  farther 
groove,  where  it  is  firmly  pinched  by  the  nut  underneath.  The 
rod  has  been  brought  to  coincidence  by  working  with  the  two 
milled-headed  fcrews  againft  the  oppofite  fides  of  the  crofs  foot. 
This  apparatus,  although  perfedlly  good  in  theory,  was  found 
to  be  much  too  confined  in  its  nature  to  anfwer  well  in  prac- 
tice, requiring  the  {lands  to  be  placed  with  a degree  of  preci- 
fion,  which  could  not  be  effected  in  the  field  without  great  lofs 
of  time ; and  this  was  the  real  caufe,  as  will  be  feen  hereafter, 
that  the  meafurement  by  coincidences  with  the  deal  rods  was 
given  up,  and  that  by  contacts  adhered  to. 

Towards  the  left-hand  of  tab.  XV11I.  the  plan  of  one  of 
the  fquare  tables  is  reprefented  with  the  ends  of  the  fecond  and 
third  rods  upon  it  in  contact.  In  this  operation  it  will  be 
perceived,  that  only  one  crofs-foot  of  each  rod  could  now  reft 
on  and  be  clamped  to  the  (land,  the  tables  having  been  inad- 
vertently cut  too  fmall  to  admit  of  both;  and  although  this 
has  the  appearance  of  imperfection,  yet  no  inconveniency 
whatever  was  found  to  refult  from  it  in  practice,  experience 
having  {hewn,  that  the  clamping  of  either  end  fufficed  to  keep 
the  rod  fteady.  Along-fide  of  the  table,  the  vertical  clamp, 
being  that  now  folely  made  ufe  of,  is  like  wife  reprefented  in 
elevation. 
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On  the  face  or  exterior  fide  of  each  leg  of  all  the  {lands* 
fixed  as  well  as  moveable,  a plate  of  brafs  is  fcrewed  near  the 
bottom,  with  two  holes  in  each,  over  a groove  purpofely  made 
in  the  wood  underneath.  By  means  of  thefe  plates,  parallelopid 
leaden  weights,  about  fourteen  pounds  each,  having  brafs  pins 
with  heads  fuited  to  enter  the  holes,  and  fall  down  in  the 
grooves,  into  a narrow-pointed  part  of  them,  are  readily 
flipped  on  or  off  each  leg.  Thus  every  (land,  exclufive  of  its 
own  weight,  which  is  about  thirty-one  pounds,  being  loaded 
with  forty-two  pounds  of  lead,  is  thereby  rendered  perfectly 
firm  and  fteady. 

A number  of  wedges  were  alfo  prepared,  and  always  ready 
to  be  placed  under  the  legs ; by  means  of  which,  and  a fpirit 
level  laid  on  the  table,  its  plane  is  brought  to  the  proper 
pofition. 

Notwithflanding  all  thefe  precautions,  it  having  been  found, 
in  the  meafurement  with  the  deal  rods,  that  time  was  loft  in 
levelling  the  ftands,  particularly  in  fituations  where  the  furface 
happened  to  be  more  than  ufually  uneven,  or  where  it  was  of 
a loofe  or  fpungy  nature;  therefore  Mr.  Smeaton  advifed 
(and  no  man’s  advice  is  more  deferving  of  attention),  that  deal 
platforms,  {landing  on  pickets  driven  into  the  ground,  and 
properly  levelled,  fhould  be  ufed  to  receive  the  legs  of  the 
ftands.  Accordingly,  for  the  operation  with  the  glafs  rods 
(table  XIX.)  twenty  fuch  triangular  platforms  made  of  inch 
deal,  whofe  fides  were  each  three  feet  two  inches  in  length, 
and  void  in  the  middle,  were  provided ; as  alfo  a number  of 
beech-pickets,  about  an  inch  and  a half  fquare,  and  of  dif- 
ferent lengths,  from  feven  to  twelve  or  fourteen  inches.  Three 
of  thefe  pickets,  fhort  or  long  as  the  fituation  required,  being 
driven  into  the  ground,  till  their  heads  (by  the  carpenter’s 
i level) 
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level)  were  brought  to  the  proper  height,  the  platform  was 
laid  upon  them ; and  on  that  the  {land  itfelf  being  placed,  its 
position  was  ultimately  corrected  by  the  fpirit  level  laid  on 
the  top  of  the  table.  Each  of  the  beech  pickets  had  a hole 
bored  through  its  top,  fit  to  receive  a piece  of  ftrong  tent- 
line,  by  which,  and  the  help  of  one  of  the  camp  mallets,  the 
pickets  were  eafily  pulled  up  again,  when  the  platform  was  to 
be  removed  to  a new  fituation. 

Boning  Tel f cope  and  Rods . Tab.  XVI If. 

In  order  to  trace  the  line  of  200  yards  or  600  feet  through 
the  air,  from  one  fixed  Hand  to  the  other,  it  was  ufual,  in  the 
firfi:  place,  to  Jfretch  a cord  extremely  tight  along  the  ground, 
and  to  divide  the  fpace  into  rod  lengths,  by  fmall  wooden  pins 
placed  clofe  by  the  cord,  which  remained  there,  and  accordingly 
marked,  very  nearly,  the  points  over  which  the  centers  of  the 
intermediate  Hand's  were  to  come.  A piece  of  wood,  about 
fourteen  inches  in  length,  and  one  and  a half  in  breadth, 
painted  white,  with  a narrow  black  line  along  the  middle  of 
it,  being  prepared  for  the  purpofe,  was  laid  on  the  furface  of 
the  farther  fraud.  The  boning  telefcope,  fourteen  inches  long 
and  one  and  a half  in  diameter,  with  a fmall  magnifying 
power,  and  moveable  objeft-glafs,  fo  as  to  fit  it  for  very  fiiort 
diftances,  was  then  laid  on  the  furface  of  the  nearefi:  hand ; 
which,  by  means  of  wedges  placed  under  the  legs,  had  that 
fide  towards  the  farther  Hand  fo  elevated  or  deprefied,  as  to 
bring  the  crofs  wires  to  coincide  with  the  black  line  on  the 
painted  board.  Twenty- four  boning  rods  had  been  originally 
provided;  but  it  rarely  happened,  that  more  than  eight  or  ten- 
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of  that' number  were  ufed  in  any  one.hation.  They  are  of 
clean  deal,  upwards  of  five  feet  in  length,  one  inch  fquare, 
and  pointed  with  plate  iron  at  the  bottom,  fo  as  to  be  eafiiy. fixed 
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into  the  ground.  Each  rod  carries  a crofs  vane,  fix  or  feven 
inches  in  length,  and  three-quarters  of  an  inch  in  breadth. 
Th  is  crofs  vane,  being  moved  upwards  or  downwards  along 
the  rod,  till  its  upper  furface  coincided  with  the  crofs  wires  of 
the  telefcope  and  black  line  on  the  painted  board,  its  under. fur- 
face  then  marked  the  height  to  which  the  furface  of  the  hand 
was  to  be  brought  at  that  particular  place.  In  this  manner,  a 
certain  number  of  points,  in  the  line  palling  through  the  air 
from  one  fixed  ftand  to  the  other,  being  accurately  obtained, 
it  was  very  eafy,  at  all  the  intermediate  places,  by  the  appli- 
cation of  the  eye  alone  to  the  furface  of  any  one  hand  or  rod, 
to  bring  the  furfaces  of  the  other  hands  near  it  into  the  fame 
plane. 


Cup  and  4 tripod  for  preferring  the  point  upon  the  ground , where 
the  meafurement  was  difcontimied  at  night , and  refumed  next 
morning.  Tab.  XVIII. 


y/  'V, 
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It  has  been  already  mentioned,  and,  in  giving  the  account 
of  the  rough  meafurement  with  the  chain,  there  will  be  far- 
ther occafion- to- remark,  that  the  bafe  was  divided  into  hypo- 
thenufes  of  200  yards  or  600  feet  each,  where  fquare  pickets 
were  driven  into  the  ground,  and  regularly  numbered,  fo  as  to 
be  eafiiy  referred  to  on  any  occafion.  In  the  meafurement 
with  the  rods,  it  was  cuhomary  to  finifh  the  day’s  work  at  or 
near  one  of  thefe  hations.  When  the  rods  of  twenty  feet 
were  ufed,  the  termination  of  a rod  was,  of  courfe,  always 

found 
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found  to  be  within  a few  inches  of  the  picket  correfponding 
with  the  hypothenufe,  as  determined  by  the  chain.  But  with 
the  rods  of  twenty  feet  three  inches,  the  day’s  work  was  al- 
ways ended,  with  a fractional  rod,  by  fufpending  a plummet 
from  fome  convenient  part  of  the  Item,  marked  for  the  pur- 
pofe, , and-  which  confequently  became  the  point  of  commence- 
ment next  morning. 

The  brafs  cup,  made  ufe  of  on  thefe  occafions,  is  of  the 
figure  of  an  inverted  truncated  cone,  whofe  mean  diameter  is 
four  inches,  and  its  depth  about  five,  with  a very  fmall  incli- 
nation in.  the  tides.,  It  was  placed  in  a hole  dug  for  it  in  the 
earth,  immediately  under  the  point  of  fufpenfion  of  the  plum- 
met, ferving  only  to  hold  the  water  in  which  it  vibrated. 

The  nature  of  the  tripod  will  be  befl  conceived  from  the 
plan  , and  elevation  of  it-  in  tab.  XVIII.  It  confifis  -of  two 
ffrong  pieces  of  beech  wood,  mortoifed  into  each  other,  fo  as 
to  refemble  a half  crofs,  or  the  letter  T inverted,  having  three 
flrong  iron  prongs,  about  twelve  inches  in  length,  which  pafs 
through  the  ends  of  the  wood,  and  are  faftened  toit  by  fquare 
nuts  at  top.  On  the  furface  of  the  tripod  lies  a fimilar  half 
crofs  of  mahogany,  moveable  by  means  of  grooves  in  the  di- 
rection of  the  longed:  fide,  and  fixable  by  its  proper  fcrews, 
when  brought  to  the  defired  pofition.  This  mahogany  half- 
crofs  carries  on  its  furface  a brafs  ruler,  moveable  at  right-angles 
to  the  former  direction,  fixable  alfo  by  means  of  its  own 
fcrews,  and  on.  whofe  end  Js  cut  a very  fine  interfeCtiom 
i hus  any  day  s operation  having  been  finifhed,  the  tripod  was 
placed  near  the  cup,  with  it  longefi:  fide  parallel  to  the  line  of 
meafurement,  and  its  prongs  driven  into  the  ground,  fo  as  to 
be  rendered  perfectly  immoveable  without  great  violence.  The 
plummet  being  then  faipended  by  a fine  gilt  wire,  at  any  part  - 
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of  the  fern  of  the  deal  rods  indifferently,  but  always  at  the  fixed 
br  hindermoft  end  of  the  glafs  rods,  the  brafs  ruler  was  advanced 
fo  near  as  almoft  to  touch  the  wire,  and  there  made  faff.  This 
being  done,  the  mahogany  half-crofs  was  laftly  moved  back- 
wards or  forwards,  in  the  direction  of  the  line  of  meafurement, 
until  the  interfe&ion,  as  feen  by  a perfon  lying  down  on  the 
ground  for  the  purpofe,  accurately  coincided  with  the  gilt  wire, 
where  it  was  likewise  faffened  by  its  proper  lerews.  A tent 
was  then  pitched  very  near  the  apparatus,  for  the  foldiers  who 
•furnifhed  the  centinel  for  its  fecurity,  till  the  meafurement 
was  refumed ; and  particularly  to  guard  it  from  being 
diffurbed  by  cattle  during  the  night. 


Wheels  far  terminating , In  a permanent  manner,  the  extremities  of 

the  Bafe.  Tab.  XVIII.  1,, 

Before  any  accurate  meafurement  could  ultimately  be  made 
of  the  bafe  by  means  of  rods,  in  order  that  we  might  with 
certainty  refer  to  the  fame  point,  on  any  occafion  that  might 
arife  of  correction  or  repetition  of  the  work,  it  had  all  along 
been  forefeen,  that  it  would  be  abfolutely  neceffary  to  fink  deep 
Into  the  ground  wooden  pipes,  or  fuch  like  things,  at  the  ex- 
tremities of  the  bafe,  which  could  not  be  removed,  or  even 
difturbed,  by  idle  or  ignorant  people,  without  very  confiderable 
labour.  Mr.  Mylne,  F.R.S.  was  accordingly  requefted  to 

* That  this  might  be  conveniently  done,  a moveable  ftand  was  placed,  under 
the  glafs  rod,  about  four  feet  from  the  fixed  end,  and  its  table  elevated  till,  by 
bearing  againft  the  lower  part  of  the  cafe,  it  received  its  weight.  This  permitted 
■the  hand  under  the  fixed  end  to  be  lowered  and  removed,  to  make  room  for  the 
•apparatus, 

order' 
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order  two  fuch  pipes  to  be  provided,  about  fix  feet  in  length 
each,  and  one  foot  in  diameter,  with  a bore  of  four  inches  in 
the  uppermoft  end,  for  the  depth  of  two  feet,  and  crofs-arms 
near  the  lowermoft  end,  in  the  flile  of  the  common  warping 
pofts.  As  an  improvement  on  this  idea,  Mr.  Mylne  very 
judicioufly  propofed  that,  inftead  of  the  crofs-arms,  the  lower 
ends  of  the  pipes  fhould  pafs  through  the  nave  of  an  old 
coach-wheel,  and  then  be  fecured  by  a bolt  underneath.  This 
alteration  was  approved  of ; and  the  machines,  thus  executed, 
were  lent  foon  after  by  water  to  Hampton. 

The  plan  and  feflion  of  one  of  thefe  wheels,  with  the 
difhed  fide  downwards,  are  reprefented  towards  the  left-hand 
in  tab.  XVIII.  where  it  will  be  perceived,  that  by  means  of 
four  knee-pieces,  made  of  crooked  oak,  the  pipe  is  firmly 
bolted  to  the  wheel,  and  thereby  kept  at  right-angles  to  its 
plane.  The  top  of  the  pipe  is  alfo  fecured  exteriorly  by  an 
iron  hoop,  and  has  a caft-iron  box  driven  into  it,  whole  inner 
diameter  is  four  inches,  anfwering  to  that  of  the  bore.  Four 
oak  piles  for  each  wheel  were  prepared  to  be  driven  into  the 
bottoms  of  the  pits  dug  for  their  reception,  which  were  fix  feet 
in  diameter,  and  the  fame  in  depth.  The  foil  near  Hampton 
Poor-houfe  being  of  a loofe  fandy  nature,  there  the  piles  were 
eafily  driven  into  the  bottom,  until  their  tops  were  011  the  fame 
level.  The  flat  of  the  fellies  of  the  wheel  being  then  laid  on 
the  piles,  the  earth  was  filled  in  and  well  rammed  around  the 
pipe,  quite  up  to  the  furface,  with  which  its  mouth  is  even. 
But  the  foil  at  King’s  Arbour,  being  a hard-bound  gravel,  the 
piles  could  not  be  driven  into  the  bottom  of  that  pit ; where- 
fore, the  flat  of  the  wheel  refts  there  on  the  gravel  only. 

The  brafs  cup,  formerly  defcribed,  was  from  the  firfl  in- 
tended to  be  placed  in  the  pipes,  for  which  purpofe  it  has  two 
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lids ; one  a femi-circle,  with  the  central  point  marked  by  a 
line  cut  on  its  diameter,  brought  into  the  direction  of  the  bafe  ; 
with  which  line  the  gilt  wire,  fufpended  at  the  extremity  of 
the  firft  rod,  was  made  to  coincide  on  the  commencement  of 
the  meafurement.  The  other  lid  has  a very  fmall  hole  made 
in  its  center,  through  which  the  plummet  wire  is  to  pafs, 
when  fufpended  from  the  center  of  the  inftrument,  hereafter  to 
be  made  life  of  for  the  determination  of  the  angles  at  the  bafe, 
or  in  any  other  flation  whatever,  where  it  may  be  neceftary  to 
bring  it  very  accurately  over  a point  on  the  fur  face  of  the 
ground  underneath. 


Rough  meafurement  of  the  Bafe  with  the  Chain , and  determina- 
tion of  the  relative  heights  of  the  Stations  by  means  of  the 
Lelefcopic  Spirit  Level . Tab.  XVI.  and  XVII. 

Having  in  the  preceding  defeription  of  the  various  inftru- 
ments,  originally  provided  for  the  meafurement  of  the  bafe, 
fully  explained  their  conftru&ions,  ufes,  and  modes  of  appli- 
cation ; and  having  thereby  anticipated,  in  a great  degree, 
what  muft  otherwife  have  been  faid  to  make  them  underftood 
in  any  account,  blended  with  that  of  the  execution ; little 
more  now  remains  to  be  given  than  the  journal  of  our  pro- 
ceedings from  day  to  day,  and  the  ultimate  refult  of  the  ope- 
ration. 

After  a very  tedious  delay,  Mr.  Ramsden  having  at  laft 
produced  his  hundred- feet  chain,  with  the  portable  tranlit  inftru- 
ment ; and  having  lent  us  an  excellent  telefcopic  fpirit  level, 
for  determining  the  relative  heights ; two  fedtions  of  the  bafe 
being  likewife  cleared  by  the  foldiers,  and  fome  progrefs  made  in 
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the  third,  we  found  ourfelves,  on  the  1 6th  of  June,  in  readi- 
nefs  to  begin  the  rough  meafurement. 

Lieut.  Colonel  Calderwood,  of  his  Majefty’s  Horfe- 
Guards,  F.R.S.  had,  from  the  beginning,  been  fo  good  as 
to  promife  his  affiftance  in  the  operation.  Lieut.  Colonel  Prin- 
gle too,  of  the  Corps  of  Engineers,  obligingly  became  a 
volunteer  on  the  occafion  ; as  did  al fo  Mr.  Lloyd,  F.R.S.  a 
few  days  afterwards ; while  Enfign  Reynolds,  of  the  34th 
regiment,  who  had  for  lome  time  paft  been  employed  in  fur- 
veying  the  environs  of  the  Heath,  continued  that  work  with 
fuch  fpare  hands  as  could  be  afforded  him  for  that  purpofe ; 
and  it  is  to  the  plan  (tab.  XVI.)  done  by  that  officer,  that  it  will 
be  neceflary  to  refer  in  any  thing  regarding  locality,  in  what 
has  hitherto  been  faid,  as  well  as  in  the  fubfequent  relation. 

The  lower  end  of  the  bafe  had  for  fome  time  paft  been  dif- 
tinguiffied  by  a St.  George’s  flag  fixed  to  the  top  of  a fir  fpaiq 
thirty- five  feet  in  height ; and  one  of  the  fignal  bell-tents  ftill 
remained  at  the  ftation  near  the  fummer-houfe.  A rope  of 
200  yards  being  made  very  faft  by  a ftrong  iron  picket,  driven 
into  the  ground  at  the  bottom  of  the  flag-ftaff,  the  other  end 
was  carried  on  along  the  bafe,  and  placed  at  the  bottom  of  a 
camp-colour,  in  a line  with  the  bell-tent.  The  rope  being 
wound  around  a ftrong  iron  reel,  prepared  for  the  purpofe,  was 
thereby  ft  retched  extremely  tight,  a perfon  occaftonally  lifting  it 
up  in  the  middle,  or  at  other  places,  and  letting  it  drop  again,  fo 
as  to  bring  the  whole  into  the  fame  ftraight  line.  Five  perfon s 
were  neceflary  for  the  proper  management  of  the  chain;  two 
at  each  end  for  its  adjuftment  there,  and  one  towards  the  mid- 
dle, to  lay  it  clofe  to  the  rope,  or  to  bear  it  up  in  any  particu- 
lar place,  where  the  circumftances  of  the  ground  rendered 
fuch  precautions  ufefuk  The  zero  or  rear  end  of  the  chain 
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being  drained  back  fo  as  to  coincide  with  the  point  of  com- 
mencement,. a deei  arrow  was  placed  as  erect  as  poffible  in  the 
femi-circular  cavity  of  the  brafs  handle  at  the  other  end..  The- 
chain  being  then  drawn  on,  till  the  cavity  in  the  rear  handle- 
could  be  applied  to  the  hr  ft  arrow,  a fecond  was  then  placed  in 
that  of  the  front  handle,  and  fo  on  until  fix  chain  lengths  were 
thus  meafured  off;,  which  terminating  the  fird  hypothenufe,  a 
beech  picket,  fomething  more  than  an  inch  fquare,  and  about 
feven  in  length,  with  N°  I.  cut  upon  it,  was  driven  into  the 
ground,  till  its  head  was  nearly  level  with  the  furface.  It  is 
however  to  be  remarked,  that  the  hxth  arrow  of  each  hypo- 
thenufe was  conftantly  left  in  the  ground  till  the  fird  of  the 
fucceeding  one  was  placed,  to  avoid  the  error  that  would  have 
©therwife  arifen  in  applying  the  rear  end  of  the  chain  to  the 
picket  in  dead  of  the  arrow. 

In  this  manner  we  proceeded  on  the  1 6th  of  June,  and  in 
the  fpace  of  about  three  hours  and  a half,  completed  the  fird 
meafurement  of  the  fouth-ead  fe&ion  of  the  bafe,  comprehend- 
ing the  thirteen  hypothenufes  between  the  flag-daff  and  dation 
nearHanworth  Summer-houfe,  the  didance  being  78  chains  or 
7800.  feet,  making  2600  yards  ; and  the  mean  temperature  of 
the  air  being  63°. 

On  the  fubfequent  day  this  fedtion  was  re-meafured  with 
equal  care,  when  the  total  extent  fell  Ihort  of  the  thirteenth 
picket  only  five  inches.  And  here  it  is  to  be  obferved,  that  a 
. confiderable  part,  of  this  difference  probably  arofe  from  the 
dretching  of  the  chain  acrofs  Wolfey  River,  at  the  fame  time 
that  the  irregularities  of  the  ground  are  greater  in  this  than 
in  either  of  the  other  two  fe&ions,  The  mean  heat  of  this 
day  was  65°. 


The 
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The  operation  with  the  chain  was  fufpended  during  the  1 8th 
and  19th  of  June,  thofe  days  having  been  employed  in  fettling 
certain  matters  with  Mr.  Ramsden  relative  to  the  deal  rods, 
as  well,  as  to  give  time  for  the  making  of  a holdfaft  for  the 
rear  end  of  the  chain,  invented  by  Lieut.  Colonel  Pringle. 
This  machine,  whereof  the  plan  at  large  is  reprefented  by 
dotted  lines  at  the  handle  of  the  chain,  as  it  is  in  fmall 
bv  the  two  elevations  adjoining  in  tab.  XVII.  confifts  of  a 
femi-circular  iron  plate,  from  the  bottom  of  which  projects 
two  double  and  one  fingle  prong.  In  the  middle,  between  the 
two  double  prongs,  a femi-circplar  cavity  is  formed,  fitted  to 
receive  the  Reel  arrow  on  one  fide,  while  that  in  the  brais  re- 
ceives it  on  the  other.  In  a locket  in  the  middle,  a ftrong 
wooden  handle,  refembling  that  of  a fpade,  is  placed.  Thus 
the  rear  handle  of  the  chain  being  applied  to  the  arrow,  the 
holdfaft  embraces  with  its  double  prongs  the  ftraight  part  of 
the  brafs,  and  in  that  pofition,  being  forced  into  the  ground  by 
the  a£bion  of  a man  at  the  handle,  the  rear  end  of  the  chain  is 
thereby  kept  fo  firm  as  to  be  immoveable  by  the  efforts  of  the 
two  men  at  the  other  end,  in  ftretching.it  to  its  true  pofition, 
for  the  front  arrow. 

On  Monday,  the  21ft  of  June,  the  operations  were  refumed, 
by  meafuring  twice  with  the  chain  (forwards  and  again  back- 
wards) the  thirteen  hypothenufes  comprehended  in  the  fecond 
fedfion  of  the  bafe,  between  Hanworth  Summer  houfe  and 
the  north-weft;  bank  of  the  great  road  (an  old  Roman  way) 
leading  from  Staines  to  London.  This  being  the  fmootheft* 
part  of  the  Heath,  and  the  holdfaft  being  now  applied,  the 
two  meafurements  differed  only  one  inch  and  a half  in  the 

diftance  of  7S00  feet.  This  inftance  of  accuracy  is  alone  fuf- 
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ficient  to  prove  the  great  excellence  of  the  chain,  although 
another  will  be  given  hereafter  ff ill  more  furprifmg. 

On  the  fame  day  that  the  fecond  fedlion  of  the  bafe  was 
meafured,  the  levels  of  that  and  the  firft  were  taken.  The 
operation  of  levelling  is  fo  univerfally  known,  as  to  render  any 
detail  of  it  unneceftary.  It  will  be  fufficient  to  fay,  that  the 
fpirit  level  made  ufe  of  on  this  occaiion  was  a very  good  one, 
about  eighteen  inches  in  length,  and  could  at  all  times  be  very 
readily  and  accurately  adj ufted  by  inverfion  in  its  Y’s.  The  tops 
of  the  pickets,  marking  the  hypothenulal  diftances,  were  the 
points  on  which  the  levelling  rods  were  placed  on  each  fide  of 
the  level ; which  being  inverted  at  the  intermediate  picket, 
points  equi-diftant  from  the  center  of  the  earth  were  thereby 
obtained,  at  the  crofs  vanes  of  the  levelling  rods,  and  no  cor- 
rection for  curvature  or  refradtion  neceflary.  It  will  be  readily 
underftood,  that  the  relative  heights  of  the  pickets  were  found 
by  meafuring  their  diftances  from  the  centers  of  the  crofs 
vanes  and  axis  of  the  telefcope  refpedtively. 

The  fix  firft  columns  towards  the  left-hand  of  the 
ftrft  or  general  table  fubjoined  to  this  Paper,  fhew  dif- 
tindtly  every  thing  relating  to  the  levels  of  the  whole 
bafe,  thofe  of  the  third  fedlion  having  been  determined 
on  the  2 2d  of  June.  By  examining  the  table  it  will  be 
feen,  that  the  afeent  on  the  firft  feclion  is  10.555  feet, 

on  the  fecond  . 8.580 

and  on  the  third  . 12.130 

Total  . . 31.265  feet,  be- 

tween the  lower  extremity  at  Hampton  Poor-houfe,  ^and  the 
higher  near  King’s-Arbour. 
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The  computed  numbers  in  the  feventh  column  are  the 
reductions  * depending  on  the  aforefaid  heights,  or  the  dif- 
ferences between  the  hypothenufal  diihmces  of  600  feet  each 
and  the  reduced  bale  diftances.  With  regard  to  the  remaining 
columns  of  the  table,  or  thofe  towards  the  right-hand,  they 
will  be  feverally  fpoken  to  hereafter,- in  taking  into  confidera- 
tion  the  expanfion  of  metals,  as  determined  with  great  accu- 
racy by  the  experiments  with  the  pyrometer. 

Hitherto  no  ufe  had  been  made  of  the  tranfit  inftrument : 
for,  in  order  that  it  might  be  applied  to  advantage,  there  was 
a neceffity  for  laying  the  wheel  into  the  ground  at  the  lower 
end  of  the  bafe,  and  fo  to  modify  the  St.  George’s  flag-ftaff 
that,  being  placed  in  the  pipe,  it  might  be  fteadily  fupported 
by  braces  in  a true  vertical  pofition  ; which  we  found,  from 
experience,  could  not  be  effeCted  by  ropes  only. 

The  wheel  being  accordingly  laid  in  its  place,  and  the  other 
precautions  taken  for  fecuring  the  flag-ftaff,  which  was  like- 
wife  painted  white,  that  it  might  be  more  diftindtly  feen  from 


* The  reduftion  in  the  feventh  column,  I have  computed  by  the  difference 
between  the  fquare  of  the  hypothenufe,  adtually  meafured,  and  the  fquare  of 
the  height  found  by  the  level ; and  Lieut.  Colonel  Calderwood  has  done  the  fame 
thing  by  a much  fhorter  method.  Thus,  in  the  annexed 
figure,  CE  being  the  hypothenufe  of  600  feet,  DE  the 
perpendicular  height  obtained  by  levelling,  DB  the  re- 
duftion  required,  or  the  difference  between  the  hypothe- 
nufe and  true  bafe;  then,  fubftituting  the  chord  BE  in-A 
fteadofDE,  the  following  analogy  is  obtained;  AB  : BE  :: 

BE* 

BE  : DB ; confequently,  — DB  *.  that  is,  the  fquare  of  the  perpendicular 


height  being  divided  by  double  the  diftance,  or  1200  feet,  the  quotient  is  equal  to 
DB  the  reduction,  without  fenfible  error.  For  if  DE  were  four  feet,  the  greateft 
perpendicular  height  in  the  bafe,  BE  the  chord  would  only  exceed  it  2 ms  era  <7 » which 
would  not  be  more  than  473^  part  of  an  inch.  The  difference  between  the  refults, 
by  the  two  modes  of  computation,  is  fo  trifling  as  not  to  deferve  notice. 
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the  farther  extremity;  on  the  2ed  of  June,  the  t rah  fit  inftru- 
ment  was  adj ufted  over  the  thirteenth  picket  at  Hahworth 
Summer- houfe,  while  diredted  upon  the  flag-ftaS  But  it  being 
now  found,  that  the  vertical  plane  palling  through  the  flag-ftafF 
fell  to  the  eaftward  of  the  center  of  Banfted  Spire,  therefore 
the  tranfit  was  gradually  moved  to  the  eaftward,  until  by 
repeated  trials  the  three  points  were  perceived  to  be  in  the  fame 
vertical  plane,  when  the  picket  was  moved,  and  re-placed 
exactly  under  the  axis  of  the  telefcope,  a few  inches  from  its 
fir  ft?  position.  The  fame  operation  was  repeated  at  the  twenfy- 
ftxth  ftation,  on  the  farther  bank  of  the  Staines  Road  ; and, 
laftly,  at  the  forty-fixth,  forming  the  north* weft  extremity  of 
the  bafe ; where  a pit  was  immediately  dug  for  the  wheel, 
which  was  placed  therein,  wbthout  however  filling  in  the  earth 
for  the  prefent,  that  being  deferred  till  near  the  completion 
of  the  meafurement  with  the  deal  rods.  Thus  the  two  extre- 
mities, and  two  intermediate  points  of  the  bafe,  being  accu- 
rately placed,  by  the  help  of  the  tranfit  inftrument,  in  the 
fame  vertical  plane  with  Banfted  Spire,  it  was  eafily  feen,  that 
by  arranging  camp  colours  in  the  intervals  at  any  time,  all  the 
other  points  might  be  brought  lo  nearly  to  coincide  with  thefe 
firft,  as  not  to  occafion,  by  deviation,  any  (enfible  error  in  the 
meafurement  afterwards  to  be  made.  This  application  of  the 
tranfit  (hewed  us,  however,  that  fome  labour  had  been  loft  by 
not  ufing  it  fooner  : for  at  the  Staines  Road,  the  trad!  cleared 
by  the  foldiers  deviated  about  twro  feet  and  a half  too  much  to 
the  weftward  for  the  true  line  ; and  at  King’s  Arbour  it  was 
twice  as  much ; fo  that  we  wrere  now  obliged  to  widen  the 
cleared  tract,  by  adding  to  the  eaftern  fide  of  it. 

On  the  fame  day  that  the  chief  points  in  the  bafe  were  fixed 
by  means  of  the  tranfit,  and  the  levels  of  the  third  fedtion 
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taken  as  before-mentioned,  the  rough  measurement  of  that 
fedtion  with  the  chain  was  completed,  and  found  to  contain 
nineteen  hypothenufal  diftances  of  600  feet  each,  and  one  of 
404.55,  making  in  the  whole  11804,55  feet,  between  the 
twenty-fixth  Ration  at  the  Staines  Road  and  the  center  of  the 
pipe  near  King’s  Arbour,  the  mean  temperature  being  6a°|. 
Here  it  is  to  be  obferved,  that  this  laft  fedtion  was  only  mea- 
fured  once  with  the  chain,  the  tradt  not  being  yet  Sufficiently 
cleared  to  admit  of  its  being  done  to  the  heft  advantage ; and, 
when  completed,  it  was  judged  to  be  better  to  proceed  diredUy 
in  the  operation  with  the  rods,  than  to  lofe  time  in  the  ufuai 
repetition,  lince  the  merits  of  the  chain,  in  this  way  of  ap- 
plying it,  were  already  Sufficiently  well  eftabliffied ; and  any 
future  tells  to  which  it  was  to  be  put  were  propofed  to  be  of 
a more  rigid  nature. 

When  the  length  of  the  chain,  in  its  original  Rate,  was 
afcertained  by  the  dots  on  the  brafs  pins  in  the  New-Eugland 
plank,  it  was  found,  in  the  then  temperature  of  740,  to  ex- 
ceed the  100  feet  by  near  one  quarter  of  an  inch,  or  0.245  inch. 
Therefore,  in  the  temperature  of  63°,  being  that  in  which 
the  lengths  of  the  deal  rods  were  laid  off,  and  differing  very 
little  from  what  was  likewife  the  mean  heat  of  the  air,  when 
applied  upon  the  Heath,  the  chain,  according  to  the  experi- 
ments on  the  expanfion  of  the  very  fame  Reel,  would  exceed 
the  100  feet  by  0.161  inch,  or  0.0134  foot.  Hence  the 
fum  of  the  three  fedlions  of  the  bafe,  274  chains,  being  mul- 
tiplied by  0.0134  foot,  we  ffiall  have  3.67  feet  for  the  equation 
of  the  chain  4-  4.55  feet,  to  be  added  to  its  length,  which  will 
then  become  27408.22  feet  from  the  center  of  one  pipe  to  the. 
center  of  the  other  : and  this  would  have  been  the  true  length 
of  the  bafe,  as  given  .by  the  rough  meafurement  with  the 
VoL.  LXXVo  K k k chain. 
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chain,  if  the  furface  had  been,  one  uniform  inclined  plane: 
throughout  its-  whole  extent.  But,,  although  the  afeent  of 
Hounilow- Heath  is  fo  final!,  and  fo  gradual,  as  to  occafiotis 
little  more  than  half  an  inch  of  reduction,  from  the  46  hypo- 
thenufal  to-  the  46  bafe  diftances,  into  which  it  is- divided,  as- 
may  be  feen  by  referring  to  the  table  ; yet  each  of  thefe  by* 
pothenufes  containing  again  many  other  ima-l-l  irregularities,  all. 
of  which  affedf  the  meafurement.byt.be  chain,  in  proportion  to. 
their  number  and  height,  in  every  fpace  of  600  feet,  their 
united  effects,  including  the  lateral,  deviations  from  the  true 
line  in  meafuring,  do  fomewhat  more  than  compenfate  for  the. 
extra-length  of  the  chain,  as  will  be  feen  hereafter  in  com- 
paring the  length  of  the  bafe  juft  now  obtained  with  that ; 
given  by  the  rods. 

The  weather,  which  during  the  greater  part  of  June  had; 
been  wet,  became  {till  worfe  towards  the  end  of  the  month 
and  firft  week  of  July;,  fo  much  fo,  that  even  if  the  deal  rods, 
had  been. ready  they  could  not  have  been  ufed  with  advantage. 
The  foldiers,.  neverthelefs,  were  not  idle,,  being,  when  the-’ 
weather  would  permit,  partly  - employed , in  clearing  the  Heath* 
and  partly  in  affifting  Mr.  Reynolds  in  the  furvey,  towards; 
the  perfedling  of  which  many  chief  points  were  fixed  by; 
means  of  my  agronomical  quadrant,,  placed  for  that  purpofe  at. 
feveral  different  Rations  of  the  bafe..  At  this  time,  too  (July; 
8th)  I levelled  from  the  lower  end  of  the  bafe  to  the  furface  ofr 
the  Thames  at  Hampton,  and  found  the  defeent  to  be  36.1; 
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Meafurement  of  the  Bafe  with  the  T)eal  Rods . 

Tab.  XVI.  and  XVIII. 

Such  extraordinary  care  and  pains  had  been  bellowed  in  the 
conffrudtion  of  the  deal  rods,  in  order  to  render  them  the  belt 
which  had  ever  been  made,  that,  although  begun  early  in 
June,  they  were  not  completely  finilhed  before  the  15th  of 
July.  They  were  brought  that  afternoon  by  Mr.  Ramsden, 
together,  with  the  various  parts  of  the  apparatus  neceflary  for 
their  application  in  the  field,  to  the  camp  now  moved  from 
Hanworth  Summer-houfe  to  the  interfedion  of  the  bale  with 
Wolfey  River;  whence  they  were  tranfported,  early  next 
morning,  to  the  pipe  near  Hampton  Poor-houle,  where  we 
were  met  by  Sir  Joseph  Banks,  accompanied  by  Meff.  Blag- 
den,  Cavendish,  Lloyd,  and  Smeaton,  all  ready  to  lend 
their  affiffance  in  the  fubfequent  menfuration. 

Before  I proceed  farther,  I think  it  here  incumbent  upon 
me  very  gratefully  to  remark,  that  the  refpedtable  and  very 
worthy  Prefident  of  the  Royal  Society,  ever  zealous  in  the 
eaufe  of  fcience,  and  who  had  repeatedly  vifited  the  heath,  to 
offer  aid,  if  fuch  had  been  neceflary,  while  the  firff  and 
rougher  part  of  the  operations  were  going  on  ; now,  that  others 
of  a more  delicate  nature  were  to  commence,  and  where  it  was 
of  importance,  that  thofe  entrufted  with  the  execution  fhould 
meet  with  as  few,  and  as  fliort,  interruptions  as  poffible,  not 
only  gave  his  attendance  from  morning  to  night  in  the  field, 
during  the  whole  progrefs  of  the  work ; but  alfo,  with  that 
liberality  of  mind  which  diftinguiflies  all  his  actions,  ordered  his 
tents  to  be  continually  pitched  near  at  hand,  where  his  immediate 

K k k 2 gueflsj 


426  Major-General  Roy’s  Account  of  the 

guefts,  and  the  numerous  vifitors  whom  curiofity  drew  to  the 
ipot,  met  with  the  mod  hofpitable  fupply  of  every  neceflary 
and  even  elegant  refrefhment.  It  will  ealily  be  imagined,  how 
greatly  this  tended  to  expedite  the  work,  and  how  much  more 
comfortable  and  pleafant  it  rendered  the  labour  to  all  who 
obligingly  took  part  in  it ; but  more  efpecially  to  him,  who, 
being  a volunteer  in  it  at  fird,  confidered  himfelf  as  bound  to= 
perfevere  in  his  bed;  endeavours  to  bring  it  to  a fuccefsful  con- 
clufion. 

From  the  defcription  that  has  been  given  of  the  deal  rods,  it 
will  be  remembered,  that  they  are  fitted  to  be  applied  in  mea- 
suring, either  by  the  coincidences  of  lines,  inlaid  one  inch  and 
a half  from  each  extremity,  or  by  the  contadls  of  the  fpherical 
lips  of  the  bell-metal  with  which  they  are  tipped..  The  fird, 
deeming  to  be  the  mod  accurate,  although  the  mod  tedious 
method,  was  that  by  which  we  propofed  to  fet  out. 

The  flag-daff  having  been  previoufly  removed  from  the 
pipe,  and"  the  brafs  cup  filled  with  water  put  in.  its  dead,  all 
the  necedary  precautions  being  likewife  taken  for  preferving 
the  line  of  direction,,  horizontally,  by  the  rope  dretched  along, 
the  fird  hypothenufe,  and  vertically,  by  means  of  the  boning 
rods;  the  fird  ivory  line  on  the  fird  rod  was  brought  by  the 
plummet  to  coincide  with  the  center  of  the  cup,  in  which, 
pofition,  being  clamped,,  it  accurately  marked  the  commence- 
ment of  the  bale.  The  fecond  rod  being  now  applied  to  the 
fird,  and  moved  up  by  the  apparatus  formerly  defcribed  (tab* 
XVIII.)  till  its  line  coincided  with  that  on  the  fird ; and,  in 
like  manner,  the  third  rod  being  applied  on  the  alternate  fide 
of  the  fecond,  moved  up  and  clamped  as  the  red  ; thus  the 
exadt  didance  of  fixty  feet  was  afcertained,  care  being  always 
taken,  that  the  fird  adjudments  were  not  didurbed,  while  the 
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fubfequent  ones  were  forming.  The  clamps  fattening  the  firtt 
rod  to  its  flands  being  then  detached,  it  was  carried  by  two 
men  and  laid  on  the  alternate  fide  of  the  third  ; and  fo  on  in 
fuecettion,  until  fifteen  rod  lengths  were  meafured  off,  being 
the  half  of  the  firtt  hypothenufe. 

The  time  confirmed  in  meafuring  this  fiiott  dittance  of  30a 
feet  was  not  lefs  than  five  hours ; owing,  as  has  been  formerly 
mentioned,  to  the  confined  nature  of  the  apparatus  for  moving 
therodson  into  coincidence,  which  requiredfuch  nicety  in  placing 
the  {lands,  as  could  not  be  effedled  until  after  feveral  repeated 
unfuecefsful  trials.  All  the  executive  people  were  therefore  of 
©pinion,  that  it  would  be  proper  to  dilcontinue  this  mode  of 
meafurement,  at  leaf!  until  a more  convenient  apparatus  could 
he  thought  of  for  the  purpofe ; and  that,  in  the  mean  time, 
we  {hould  proceed  by  the  method  of  eontafls,  as  the  only  al- 
ternative we  could  for  the  prelent  adopt 

The  rods  being  accordingly  placed  in  contafl  with  each 
©ther,  we  foon  made  greater  progrefs,  finifhing  the  operations 
©f  the  day  at  the  middle  of  the  fourth  hypothenufe,  where 
the  tripod,  with  its  guard,  was  placed,  to  preferve  the  point  of 
commencement  for  the  en filing  morning,, 

* Although  I acquiefced  in- the  change  thus  become  neceffary,.  yet  it  was  with 
much  reluctance,  becaufe  it  left  undecided  the  contefted  point,  with  regard  to 
coincidences  and  contacts*  If  we  could  have  proceeded  with  the  coincident  rods 
till  eighty. one  lengths  were  meafured  off,  and  then  meafured  back  the  fame  fpace 
by  placing  eighty  rods  in  contact,  the  point  would  have  been  clearly  fettled.  For 
if  the  termination  of  the  eightieth  rod  agreed  exactly  with  the  point  of  departure,, 
contacts  being  the  moft  expeditious  would  have  been  judged  the  beft  method.  On 
the  contrary,,  if  the  eightieth  rod  fell  fhort  of  reaching  the  point  of  departure, 
there  could  have  been  no  doubt,  that  the  difference  muff  have  arifen  from, 
butting  one  rod  againft  the  other,  whereby  a certain  fmall  proportion  of  each 
#od  came  to  be  loff  in  the  account,  by  being  meafured  twice  oyer, 
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The  meafuring  rods,  when  put  into  the  cheft  in  London, 
had  been  compared  and  found  to  agree  with  the  ftandard.  The 
companion  was  not  repeated  on  the  16th;  but  this  being  done 
on  the  iyth,  at  7 h.  A.M.  under  the  oil-cloth  canopy  at  the 
camp,  they  were  found  at  a medium  to  exceed  the  ftandard  by 
one- fiftieth  of  an  inch,  the  temperature  then  being  62°*  After 
the  comparifon  they  were  carried  to  the  place  of  the  tripod, 
when  the  operation  was  refumed  by  bringing,  with  the  help  of  the 
plummet,  the  fame  point  of  the  rod  with  which  we  had  left  off 
work,  to  coincide  with  the  interfedtion  on  the  brafs  ruler.  The 
meafurement  of  this  day  was  clofed  at  the  end  of  the  tenth  hypo- 
thenufe,  when  the  rods  being  carried  back  to  camp,  were  com- 
pared, and  found  accurately  to  agree  with  the  ftandard. 

A considerable  fall  in  the  barometer,  between  the  evening  of 
the  17th  and  the  morning  of  the  19th,  portended  rain.  Ne- 
verthelefs,  all  parties  repaired  to  the  place  of  rendezvous, 
■which  was  appointed  at  the  lower  end  of  the  bafe,  in  order  to 
re-meafure  the  two  firft  hypothenufes,  by  placing  all  the  rods 
in  contact,  which  on  the  1 6th  had  been  done  partly  one  way 
and  partly  the  other.  The  operation  being  according  repeated 
with  great  care,  the  point  of  the  Sixtieth  rod,  which  formerly 
correfponded  to  the  center  of  the  fecond  picket,  was  now  found 
to  be  puShed  forward  exactly  forty-five  inches,  anfwcrable  'to 
the  deficiency  on  the  fifteen  Coincident  rods,  with  which  the 
menfuration  was  begun.  It  now  began  to  rain,,  therefore  the 
rods  wrere  carried  back  to  camp,  and  being  feverally  compared, 
they  were  found  to  exceed  the  ftandard  each  by  one-thirtieth  of 
an  inch,  occasioned  by  the  extraordinary  humidity  of  the  air. 
A heavy  rain  enfued  ; and  what  made  this  much  more  regretted 
by  all  was,  that  in  the  forenoon  their  Majefties  gracioufly  con- 
defcended  to  honour  the  camp  with  their  pretence.,  and  con- 
tinued 
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tinned  there  ferae  time ; blit  the  weather  becoming  rather, 
worfe,  it  was  utterly  impoffible  to  fhew  their  Majefties  the 
nature  of  the  operation,,  by  any  progrefs  that  could  at  that 
time  be  made  in  the  work. 

After  a continuance  of  unfavourable  weather  for  fcveral  days,., 
the  operations  were  relumed  at  9 In  A.M.  of  the  23d,  when  the 
rods  being  compared  were  found  (till  to  exceed  the  ftandard  by 
one-thirtieth  of  an  inch,  and  the  temperature  now  was  6r°.. 
Here  it  is  to  be  observed,  that  in  our  progrefs  forward,,  an  accu- 
rate regifter  had.  been  all  along  kept  of  that  point  of  each  rod 
correfponding  to  the  center  of  the  hypothenufal  pickets,  by 
noting  its  diftance  from  either  end,  whereby  the  error  of  the 
chain  at  each  ftation  was  readily  difeovered,  at  the  fame  time 
that  the  revolutions  of  the  three  rods  ferved  to  keep  the  account 
of  the  total  meafurement.  In  order,  therefore,,  that  this  me- 
thod might,  be  diffinblly  adhered  to,  it  was  judged  proper  to 
pufh  on  the  rod  that  lay  over  the  tripod  at  N°  10.  exactly  forty- 
five  inches,  to  make  good  the  deficiency  of  the  firft  fifteen 
coincident  rods,  and  that  the  account  might  be  kept  from  the 
lower  end  of  the  bafe  in  entire  rods  of  243,  and  complete 
revolutions  of  729  inches  each.  This  being  done,  the  reft 
were  placed  in  the  ordinary  fuccefiion ; and  we  finifhed  the 
bufinefs  of  the  day  at  the  eighteenth  ffation,  where  the  rods 
being  compared  at  6 h.  P.M.  their  mean  length  was  found  to 
exceed  that  of  the  ftandard  ^Tth  part  of  an  inch,,  the  tempera- 
ture then  being  54°, 

On  Saturday  the  24th  of  July,  the  rods  were  three  times 
compared ; at  7 h.  3c7  A.M.,  1 1 h.  1 5'  AJVI.,  and  5 h.  45'  P.M. 
Their  mean  excefs  above  the  ftandard  was  found  to  be  one- 
thirtieth  of  an  inch,  and  the  mean  heat  64°,  In  the  courfe  of 
the.  day  ? the  measurement  was  continued  from  the  eighteenth  to 

th© 

( 


435  Major- General  Roy’s  Account  of  the 

the  twenty -feventh  Hation,  or  firH  of  the  third  feCllon  of  the 
bale,  where  the  tripod  was  placed  as  ulual ; and  there  it  re- 
mained untouched,  on  account  of  bad  weather,  till  Monday 
the  id  of  Augufh 

Confidering  how  much  time  and  labour  had  been  bellowed  in 
obtaining  what  we  certainly  had  every  reafon  to  conclude  were 
the  bell  deal  rods  that  ever  were  made,  it  was  no  {mail  difap- 
pointment  now  to  find,  that  they  were  fo  liable  to  lengthen 
and  fhorten  by  the  humid  and  dry  Hates  of  the  atmofphere,  as 
to  leave  us  no  hopes  of  being  able,  by  their  means,  to  deter- 
mine the  length  of  the  bafe  to  that  degree  of  precifion  we  had 
all  along  aimed  at.  But  fince  more  than  one-half  of  it  was 
already  meafured,  it  was  judged  proper  to  proceed  with  them  in 
their  prefent  Hate,  and  then  to  have  them  carefully  painted  or 
varnifhed,  before  they  fhould  be  farther  ufed. 

The  unfavaurablenefs  of  the  feafon,  and  delays  in  obtaining 
the  inflruments,  had  already  been  the  caufes  of  protracting  the 
operations  on  Hounflow- Heath  greatly  beyond  what  was  at 
firH  expeCled;  and  the  failure  of  the  deal  rods  gave  no  imme- 
diate profpeCl  of  their  being  fpeedily  brought  to  a conclufion. 
On  revolving  in  my  own  mind  the  different  alternatives  we 
might  ultimately  be  obliged  to  have  recourfe  to,  metal  rods  of 
fome  kind  or  other,  whofe  expanfion  could  always  be  deter- 
mined by  experiment,  feemed  to  promife  a reful't  that  might 
be  fafely  relied  on.  Cafl  iron  was  what  I had  thoughts  of 
propofing,  knowing  from  an  experiment  which  I had  made 
myfelf,  that  it  expanded  lefs  than  Heel.  The  cumberfomenefs 
of  its  weight  appeared  indeed  objectionable  ; but  that  incon- 
venience was  either  to  be  fubmitted  to,  or  one  of  another  kind, 
namely,  the  reduction  of  the  lengthy  which  was  always,  if 
poffible,  to  be  avoided. 
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At  this  time  Lieut,  Colonel  Calderwood  could  not  conve- 
niently lend  us  his  affifhnce  in  the  field  ; but  he  vifited  us 
occafionally,  and  on  one  of  thefe  vifits  proposed  to  me,  that 
glafs  rodsffhould  he  made  ufe  of  inftead  of  deal ; putting  me  in 
mind  of  another  experiment  * that  I had  made,  which  feemed  to 
fhew  that  folid  glafs  rods  expanded  lefs  than  tubes.  This  pro- 
pofition  the  Lieutenant  Colonel,  before  he  came  to  the  heath, 
had  made  to  Mr.  Ramsden,  who  appeared  averfe  from  making 
the  trial,  becaufe  of  the  great  length  of  the  rods,  and  the 
brittlenefs  of  the  material.  Neverthelefs,  it  being  fufficiently 
obvious,  that  glafs  rods  or  tubes  of  the  full  length,  or  fome-  . 
thing  approaching  towards  it,  would  be  much  fooner  provided 
than  any  metal  rods  whatever,  and  the  having  of  time  being 
a point  of  confequence  ; Lieut.  Colonel  Calderwood  was  ac- 
cordingly requeued  to  make  the  trial  at  the  glafs-houfe,- as  foon 
as  poflible  after  his  return  to  town.  Next  day  he  fucceeded  in 
getting  a fine  tube  drawn,  eighteen  feet  long,  and  about  one 
inch  in  diameter ; and  there  feemed  to  be  no  longer  any 
doubt,  that  thofe  of  the  proper  length  might  be  obtained.  It 
was  found,  that  folid  glafs  rods  of  fuch  extraordinary  dimenfions 
.could  not  be  had,  it  being  impoffible  to  take  at  once  a fu-fficient 

* The  experiment  here  alluded  to  was  made  with  Mr.  Cumming’s  pyrometer, 
which  from  its  conftru&ion  did  not  admit  of  a very  accurate  eftimation  of  the 
heat  communicated  to  the  ftandard  bar,  the  rod,  and  tube  refpeciively.  Either, 
therefore,  the  natures  of  the  glafs  rod  and  tube,  made  ufe  of  at  that  time,  mud: 
have  been  very  different,  to  caufe  the  difference  of  expanfiou ; or  fome  circum- 
dance  in  the  indrument  unattended  to  had  occalioned  the  fallacious  appearance  : 
for  it  will  be  found,  from  the  experiments  hereafter  to  be  given  in  detail,  that  a 
folid  glafs  pendulum  rod  expands  fully  as  much  as,  nay  in  this  particular  indance 
even  more  than  a tube  ; but  different  glafs,  having  different  fpecific  gravities, 
will  no  doubt  be  fufceptible  of  different  degrees  of  expanfibility, 
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quantity  of  the  (melted  metal  on  the  irons,  made  ufe  of  for 
drawing  them  at  the  glafs- houfe. 

The  week  of  rainy  weather,  which  ended  the  month  of 
July,  occafioning,  as  has  been  faid,  a total  fufpenfion , of  the 
operations  on  the  heath,  was  employed  in  procuring  a fuffi- 
cient  number  of  glafs  tubes  (one  whereof  was  not  lefs  than 
twenty-fix  feet  long)  and  regulating  with  Mr.  Ramsden 
every  thing  concerning  their  conftrudtion  into  meafuring  rods. 
The  delcription  of  them  we  fhall  however  defer  until  the  time 
of  their  application  in  the  field,  after  having  finifhed  the  opera- 
tion with  thofe  of  deal. 

On  Monday  the  2d  of  Auguft,  the  operations  on  the  heath 
were  refumed  at  8 h.  3c/  A.M.  Ly  comparing  the  rods  with 
the  ftandard,  which  they  were  found  to  exceed  by  one-fortieth 
of  an  inch,  the  temperature  then  being  66°.  The  forward 
end  of  the  rod  now  placed  over  the  tripod  at  N°  27,  com- 
pleting the  800th  length,  reckoned  from  the  lower  end  of 
the  bafe  by  rods  of  243  inches  each  ; and  thefe  being  equal 
to  810  rods  of  240  inches  ; it  wras  judged  proper  to  mark  a 
point  upon  the  ground  correfponding  to  this  forward  end,  that 
it  might  be  referred  to  in  returning  back  with  the  meafurement 
by  the  glafs  rods.  This  was  done  by  finking  two  fmall  pickets 
into  the  ground,  about  a foot  afunder,  one  on  each  fide  of  the 
bafe,  and  at  right  angles  to  it.  A filk  thread  being  then 
firetched  over  the  tops  of  the  pickets,  and  gently  moved  on 
till  it  touched  the  filver  wire  fufpended  from  the  end  of  the 
rod,  fine  notches  were  then  made  with  a pen-knife  in  the  tops 
of  the  pickets,  whereby  the  thread  could  be  replaced  in  the 
fame  fituation  ; which  being  done,  the  pickets  were  covered  over 
with  earth.  In  the  courfe  of  this  day  nine  hypothenufes  were 
meafured ; and  at  7 h.  P.M,  the  tripod  was  placed  at  the  thirty- 
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fixth  ftation.  The  rods,  being  now  compared,  were  found  to 
agree  with  the  ftandard ; and  the  temperature  was  67°!.. 

On  Tucfday  the  3d  of  Auguft,  the  rods  were  compared 
at  7 h.  A.M.  and  found  only  to  exceed  the  ftandard  by  one- 
fixtieth  of  an  inch.  Being  arrived  at  the  middle  of  the  forty- 
firlf  hypothenufe,,  a point  corresponding  to  the  forward  end  of 
the  1215th  rod  was  transferred  to  the  ground  by  the  double 
pickets  and  filk-thread,  as  had  been  done  at  the  twenty- feventh 
ftation.  The  meafnrement  was  then  continued  to  the  north- 


weft  extremity  of  the  bafe,  which  was  found  in  the  whole  to 
contain  1353  complete  long  rods  of  243  inches  each  +21 
inches,  where  the  tripod  was  placed,  in  the  point  which  of 
courfe  correfponded  to  the  1370th  fiiort  rod  of  240  inches 
each,,  equal  to  328800  inches,  or  27400  feet.  To  which 
diftance  we  have  yet  to  add  4.31  feet,  being  the  fpace  inter- 
cepted between  the  interfedion  on  the  tripod  and  the  center  of 
the  pipe  marking  the  north-weft  extremity  of  the  bafe ; whofe 
total  length,,  as  given  by  the  deal  rods,  without  regard  to  ex- 
panfion , or  redudion  of  the  hypothenufal  line,  becomes 
27404.3 1 feet.  And  here  it  is  to  be  obferved,  that  the  inter- 
fe&ion  on  the  tripod  terminating  the  27400  feet  only  over-fhot 
the  picket  answering  to  the  274th  chain  by  two  inches  and: 
nine- tenths.  But  this  nice  agreement  between  the  refu It  by 
the  deal  rods,  and  that  furnifhed  by  the  rough  meafurement 
with  the  chain,  arifes*  from  the  extra-length  of  this  laft,  which 
fo  nearly  compenfated  for  all  the  irregularities  of  the  furface. 

The  meafurement  with  the  deal  rods  being  finifhed,  they 
were  compared  at  5 h.  PM.  and  found  to  agree  with  the 
ftandard,  the  temperature  then  being  75°. 
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TLxpanfon  of  the  Deal  Rods,  i 

It  has  been  an  opinion  generally  enough,  although,  as  we 
have  feen,  erroneoufly  received,  that  very  ftraight- fibred  deal 
was  not  at  all,  or  but  little,  affedted  longitudinally  by  the  hu- 
midity of  the  air.  That  we  might  not  be  led  aftray  by  truft- 
ing  to  fallacies  of  this  fort,  the  flandard  rod  had  been  provided ; 
which  being  always  clofely  (hut  up  in  its  chef:,  except  during 
the  fhort  interim  of  comparifon,  could  feel  but  a fmall  propor- 
tion of  the  effedts  which  the  meafuring  rods  fuffered,  thele 
being  conftantly  expofed  to  the  open  air  throughout  the  day,  as 
well  as  to  the  moifure  of  the  night-,  when  lying  under  the 
oil-cloth  canopy.  The  flandard  rod,  it  is  true,  could  not  be 
accurately  compared  with  the  brafs  fcale : for  although  when 
conflrudted,  brafs  pins,  forty  inches  afunder,  had  been  driven 
into  its  flem,  for  the  purpofe  of  fuch  comparifon,  yet  thefe 
had  afterwards  been  difplaced,  or  at  leaf:  the  points  upon  them 
defaced,  by  the  planing  over  of  the  upper  furface.  This  cir- 
eumflance,  which  was  unattended  to  when  the  operations 
commenced,  is  now  of  no  confequence ; becaufe,  from  an  ex- 
periment hereafter  to  be  mentioned,  the  lengthening  of  the  flan- 
dard  may  be  pretty  nearly  afcertained.  But  f nee  there  are  fome 
contradidtory  circumfances,  foon  to  be  mentioned,  in  the  ope- 
ration with  the  deal  rods,  which  would  have  made  a repetition 
of  it  .abfolutely  neceffary,  if  we  had  not  now  obtained  thofe  of 
a different  kind,  fo  very  unexceptionable  in  their  nature  and 
mode  of  application,  as,  in  the  prefent  cafe,  to  admit  of  no 
competition  between  the  two  refults,  and  to  render  it  improper 
on  our  part  ever  to  have  farther  recourfe  to  the  firff } fo  there 
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can  be  little  ddubt,  that  deal  rods  will  be  univerfally  rejected  by' 
other  countries,  in  any  meafurements  they  may  have  occafion 

, A « i V * 

to  make  in  future. 

About  the  ioth  of  July,  two  rods,  one  of  New-England* 
and  the  other  of  Riga  deal,  being  meafured  by  the  fixed  points  ' 
in  the  great  plank  in  Mr.  Ramsden’s  fhop,  and  having  each  ’ 
two  brafs  pins  driven  into  them  at  the  diftance  of  twenty  feet, 
were  laid  on  the  top  of  the  houfe,  where  they  remained  until 
the  26th,  the  weather,  for  the  greater  part  of  the  time,  having 
been  very  wet.  They  were  then  taken  down,  and  being,  by 
means  of  the  long  beam  compaffes,  compared  with  the  mea- 
fures  on  the  plank,  the  New-England  rod  was  found  to  have  '• 
lengthened  0.03 1 inch,  and  the  Riga  rod  0.041  inch.  By  which 
experiment  the  fadt  feems  to  be  eftablifhed,  that  Riga  red 
wood,  notwithftanding  the  quantity  of  turpentine  which  it 
contains,  is  more  fulceptible  of  the  effedts  of  moifture  than1 
New-England  white  wood.  Mr.  Ramsden  likewife  finds, 
that  the  great  plank  fo  often  mentioned,  buffers,-  in  ordinary 
fummer  weather,  an  alternate  expanfion  and  contraction, 
amounting  at  a medium  to  0.0041  of  an  inch  every  day  : that 
is  to  fay,  if  the  diftance  between  the  twenty-feet  brafs  points 
be  meafured  from  the  fcale,  by  means  of  the  beam  compafles, 
in  the  evening,  it  is  found  to  have  lengthened  next  morning 
0.0041  of  an  inch,  by  the  humidity  of  the  intervening  night. 
In  the  courfe  of  the  following  day  it  contracts  again  to  its  for- 
mer length,  and  fo  on.  Mr.  Ramsden  has  often  obferved 
this  alternate  change-  in  the  deal  plank  ; but  it  was  particularly 
on  the  1 ith  and  12th  of  Auguft,  that  the  quantity  was  actually 
meafured.  It  will  readily  be  underftood,  that  any  difference  of 
temperature  which  might  have  happened  in  the  brafs  fcale,  at 
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the  times  of  comparifon,  was  always  carefully  taken  into  the 


account. 

Now,  from  this  laft  experiment,  it  feems  probable,  that  we 
fhall  not  be  very  wide  of  the  truth  in  fuppofing,  that  the 
handard  deal  rod,  which  lay  clofed  up  in  its  chelf,  under  the 
canopy  on  Hounflow- Heath,  would  buffer  the  fame  fort  of 
alternate  expanlion  and  contraction  with  the  above-mentioned 
plank;  that  is  to  fay,  being  of  Riga  wood,  its  mean  expan- 
lion  about  the  middle  of  the  day  would  be  of  an  inch. 

By  this  quantity  then  we  muff  augment  the  adtual  oblerved 
expanfion  of  the  meafuring  rods,  in  order  to  obtain  within, 
certain  probable  limits  (lince  we  cannot  determine  it  accurately)  ; 
the  equation  for  the  expanlion;  or  that  Ipace  by  which  the 
apparent  meafurement,  given  by  the  13,70  deal  rods,,  Ihould  be 
augmented  in  order  to  obtain  the  true  length  of  the  bafe ; or 
that  which  would  have  been  given  by  unalterable  rods,  of  the 
fame  original  length  with  thofe  of  deal,  as  expreffed  in  the 
following  table* 
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Table  of  the  Expanlion  of  the  Deal  Rods. 


N°  of 
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Obferv- 

Deci 

Equation 
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comparifon. 
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ed  ex- 
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O 

In. 

In. 

In. 

In. 

July  16 

105  { 
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48  1 
62  J 
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0 / 

0.0 10 

1.050 

0.2625 

1.3125 

*7 

195  { 

7 oA.M. 
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fwth  | 

0.0  IO 

1.950 

0.4875 

2*4375 

23 

240  { 

9 oA.M. 
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54  J 
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0.021 

5.04° 
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5.6400 

f 
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6r 

4 1 
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0.6650 

24 
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11  15A.M. 

66 
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8^910 
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1 
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N.  B.  Although  the  rods  were  not  compared  with  the  ftandard  on  the  16th 

of  July,  yet  the  expanfion  probably  was, 

and  therefore  has  been  eftimated,  at 

the  fame  rate 

as  it  was  found  on  the  following  day. 

By  examining  the  preceding  table,  it  will  appear,  that  the 
total  expanfion  on  the  1370  deal  rods,  including  the  fmall 
equation  for  the  lengthening  of  the  ftandard,  amounts  to 
24.223  inches,  or  2.02  feet;  which  being  added  to  the  appa- 
rent length  of  the  bale  27404.31  feet  formerly  obtained,  we 
fhall  have,  for  the  hypothenufal  length,  27406.33  feet : and 
from  this  deducting  0.07  foot,  the  excefs  of  the  hypothenulal 
above  the  bafe  line,  or  the  reduction  contained  in  the  feventh 
column  of  the  general  table  of  the  bafe,  there  will  remain 
27406.26  for  the  diflance  given,  by  the  deal  rods,  between  the 
1 centers 
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centers  of  the  pipes  terminating  the  bafe,  reduced  to  the  level 
of  the  loweft,  or  that  at  Hampton  Poor-houie,  in  the  tempe- 
rature of  63°,  being  that  of  the  brafs  fcale  when  the  lengths 
of  the  deal  rods  were  laid  off.  All  this,  however,  fuppofes 
three  things  to  be  abfolutely  certain  : firft,  that  the  expanfion 
of  the  rods  has  been  accurately  eftimated;  fecondly,  that  no 
error  has  arifen  from  the  butting  of  the  rods  again  ft:  each 
other,  in  order  to  bring  them  into  contact ; and,  thirdly,  that 
no  miftake  of  any  kind  has  been  committed  in  the  execution. 
When  we  come  to  give  the  true  length  of  the  bafe,  as  ulti- 
mately afcertained  by  means  of  the  glafs  rods,  it  will  appear* 
that  one  or  more  of  thefe  three  have  a&ually  taken;  place; 
although  it  is  moft  probable,  that  only  the  two  firft  fources  of 
error  have  contributed  their  dr  a re  of  the  total  difference  be- 
tween the  two  refults.  Rut  the  difcuftion  of  this  point  muft 
be  deferred  for  the  p relent ; and  I fhall  now  Inifh  the  fubject 
of  the  expanfion  of  the  deal  rods,  by  mentioning  two  other 
companions  of  them,  which  ferve  to  fhew  ftill  more  obvioufiy, 
how  improper  they  are  for  very  accurate  meafurement! 

It  has  already  been  remarked,  that  the  laft  week  of  July 
was  fo  wet  as  to  occafion  a total  fufpenfion  of  the  operations  on 
Hounflow-Heath.  On  the  26th  of  that  month,  at  8 h.  A,M. 
the  temperature  being  then  63°,  the  rods  were  compared  with 
the  ftandard,  and  found  to  exceed  it,  at  a medium,  one-fi fteenth 
part  of  an  inch.  Now,  if  we  fuppofe  the  whole  bafe  to  have 
been  meafured  with  the  rods  in  that  ftate,  the  difference  would 
have  amounted  to  more  than  yi  feet,  exclufive  of  what  the 
ftandard  itfelf  might  have  altered  from  its  original  length. 

The  other  comparifon  was  made  at  Spring-Grove,  in  the 
beginning  of  September,  after  our  operations  on  the  heath  had 
been  finished,  and  the  deal  rods  with  their  apparatus  depofited 
>7  under 
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under  the  roof  of  Sir  Joseph  Banks’s  Barn.  The  objedt  here 
in  view  was  the  measurement  of  fuch  a fpace  as  the  garden 
would  conveniently  admit  of,  when  the  rods  were  in  their  dry 
or  contracted  Hate;  and  to  re-meafure  the  fame  fpace  next 
morning,  when  the  rods,  being  left  out  for  the  purpofe,  had 
imbibed  all  the  humidity  they  could  from  the  moifiure  of  the 
intervening  night.  Accordingly,  the  fourth  being  a line  dry 
day,  the  fun  Shining  bright,  and  the  thermometer  about  68°, 
feventeen  Hands  were  arranged  in  the  long  walk,  with  fo  mucli 
nicety  in  the  fame  inclined  plane  as  to  appear  but  like  one. 
The  firft  or  lower  mold  Hand  had  a brafs  cock  fcrewed  to  its 
top.  The  two  uppermoH,  that  is  to  fay,  the  fixteenth  and 
Seventeenth,  were  of  the  Hxed  kind,  each  with  a brafs  Hide, 
and  placed  only  forty-five  inches  afunder.  The  firH  deal  rod 
was  made  to  butt  againfi  the  brafs  cock,  and  the  reft  fuccef- 
Hvely againft  each  other,  until  fifteen  rod  lengths  were  mea- 
fiured  off,  and  a fine  line  drawn  on  the  Hide  marking  the  extre- 
mity of  the  fifteenth.  That  rod  being  removed,  forty-five 
inches,  taken  from  the  brafs  fcale,  were  then  laid  off  back- 
wards from  the  line  on  the  Hide  of  the  feventeenth  to  the  Hide 
of  the  fixteenth  Hand,  where  another  fine  line  was  drawn. 
Thus  the  fpace  comprehended  between  this  laff  line  and  the  cock 
on  the  firH  Hand,  was  juH  300  feet,  or  fifteen  coincident  rods. 
During  the  night  of  the  4th,  which  was  very  fine,  the  rods 
lay  on  the  fmooth  grafs.  About  fun- riling  of  the  5th  there 
came  on  a thick  fog,  which  entirely  .difpelled  about  8 o’clock. 
At  7 h.  A.M.  the  rods  being  lifted  from  the  grafs,  it  was  per- 
ceived, that  the  under  fides  were  perfectly  dry,  while  all  the 
reft  was  quite  wet  with  the  dew  that  had  fallen.  The  four- 
teen Hands,  comprehended  between  the  firH  and  fixteenth, 
liaving  their  difiances  gradually  reduced  from  twenty  feet  three 
Vol.  LXXV.  M m m inches 
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inches  to  twenty  feet,  the  operation  of  re -measurement  was 
then  begun,  by  placing  the  rods  in  coincidence  with  each 
other  (which  was  now  found  to  be  eafily  and  accurately  effected 
by  a few  repeated  ftrokes  with  a wooden  wedge  only)  until  the 
fifteen  rod  lengths  were  meafured  off,  and  a fine  line,  cor- 
refpondiog  with  the  ivory  on  the  fifteenth,  was  drawn  on  the 
brafs  flide.  This  line  was  found  to  be  o.^t  9JL,  or  near  half  an 
inch  beyond  that  which  terminated  the  300  feet  the  preceding 
evening.  Hence  it  is  evident,  that  the  dew  imbibed  only  in 
one  night,  or  a fpace  of  time  not  exceeding  fourteen  hours, 
occafioned  fuch  an  expanfion  in  the  deal  rods,  as  in  the  whole 
bafe  would  have  amounted  to  45.484  inches. 

It  is  fufficiently  obvious,  that  this  laft  mentioned  experi- 
ment was  more  accurate,  in  the  proportion  of  about  fifteen  to 
one,  than  any  comparifon  we  could  at  that  time  have  made  with 
the  flandard.  But  fince  immediately  after  it  was  finifhed,  the 
fun  fhone  out  very  bright,  it  is  by  no  means  certain,  how  foon 
the  rods  would  again  have  contracted  to  their  former  length,  or 
near  it,  had  they  been  expofed  to  his  rays.  Repeated  compa- 
rifons  for  afcertaioing  facts  of  this  fort,  at  very  fhort  interims, 
are  abfolutely  incompatible  with  the  nature  of  fuch  tedious  and 
troublefome  operations  as  the  meafurement  of  long  bafes  : and 
here,  indeed,  lies  the  great  objection  to  the  ufe  of  deal  rods, 
that  at  no  time  can  we  be  certain  how  foon,  after  a comparifon 
has  been  made,  they  may  alter  their  length  in  a proportion,  and 
fometimes  too  even  in  a fenfe,  different  from  what  was  ex~ 
pe£led. 
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Defcrlptlon  of  the  Glafs  Rods , ultimately  made  ufe  of  to  deter- 
mine the  length  of  the  Bafe . Tab.  XIX. 

It  has  been  already  mentioned,  that  the  week  of  rainy  wea- 
ther in  the  end  of  July  was  employed  in  providing  the  glafs 
tubes,  and  in  concerting  matters  with  Mr.  Ramsden,  relative  to 
their  conttrudtion  as  meafuring  rods.  Notwithstanding  their 
great  length,  they  were  found  to  be  fo  ttraight  that*  when  laid 
on  a table,  the  eye,  placed  at  one  end  looking  through  them, 
could  fee  any  fmall  objedt  in  the  axis  of  the  bore  at  the  other 
end. 

The  nature  and  conttrudtion  of  the  glafs  rods,  whereof 
three  were  finifhed  for  the  operation,  will  be  beft  conceived  by 
eonfidering,  with  care  and  attention,  the  plans  and  elevations 
of  them,  in  whole  or  in  part,  to  different  fcales  in  tab.  XIX. ; 
where  likewife  may  be  feen,  plans  and  fections  of  the  ends  of 
the  tubes,  in  their  real  dimenfions,  for  the  better  underttanding 
the  feveral  parts  of  the  apparatus  placed  therein. 

The  cafe  containing  the  tube,  and  which  ferves  to  keep  it 
from  bending  in  its  original  flraight  pofition,  is  every  where  of 
the  depth  of  eight  inches,  of  the  fame  width  in  the  middle, 
and  tapers  from  thence,  in  a curvilinear  manner,  towards 
each  end,  where  it  is  only  two  inches  and  a quarter  broad.  It  is 
made  of  clean  white  deal,  the  two  (ides  being  half  an  inch, 
and  the  top  and  bottom  three-eighths  in  thicknefs.  Thefe 
latt  are  placed  in  grooves  fitted  to  receive  them,  about  half  an 
Inch  from  the  upper  and  lower  edges  of  the  tides,  which  bend- 
ing eafily,  and  applying  clofely,  are  then  firmly  fattened  by 
two  rows  of  wood  fcrews  on  each  fide,  to  the  top  and  bottom 
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refpeffively.  Thus,  the.  depth  of  the  iides  in  one  fenfe,  and 
the  fpring  which  they  have  by  bending  in  the  other,  aff  as 
trades,  prevent  the  cafe  from  warping,  and  render  it  diffi- 
dently ftrong,  although  at  the  fame  time,  confidering  its  great 
length,  very  light. 

The  plan  of  the  middle  rod  reprefents  the  cafe  with  the  top 
off,  that  the  tube  may  be  feen  placed  therein  : the  right  and 
left-hand  rods  have  the  tops  on,  whereby  may  be  feen  the 
oval  opening  in  the  middle  of  each,  fhut  by  a mahogany  lid ; 
and  alfo  the  portions  of  the  two  thermometers,  with  tubes 
bent  at  right-angles,  fo  as  to  place  the  ball  about  two  inches 
downwards  within  the  cafe,  for  the  better  afcertaining  the 
temperature  of  the  glafs,  as  will  eafily  be  conceived,  by  conli- 
dering  the  reprefentation  of  the  tube  and  ball  in  die  fedlion 
acrofs  the  middle  of  the  rod. 

It  is  to  be  obferved,  that  the  middle  of  the  tube  is  made  faff 
to  the  middle  of  the  cafe  in  the  following  manner.  Firff, 
around  the  middle  of  the  tube,  a quantity  of  pack-thread,  im- 
merfed  in  liquid  glue,  was  wound  by  feveral  returns  on  itfelf, 
for  the  fpace  of  about  two  inches  in  length ; and  upon  this 
mafs  of  pack-thread,  while  the  glue  was  warm,  a ffrong  ma- 
hogany collar  was  forced ; whereby  the  three  fubftances  became 
fo  perfe&ly  united  to  each  other,  that  they  might  be  confidered 
as  one  only.  Acrofs  the  bottom  of  the  cafe  in  the  inlide, 
three  mahogany  braces  or  girders,  one  in  the  middle,  and  one 
half-way  between  it  and  each  end,  are  faffened,  by  means  of 
fcrews,  to  the  bottom  and  fides.  Thefe  rife  about  if  inch 
above  the  bottom,  fo  as  to  place  the  axis  of  the  tube,  when  in 
ufe,  about  2f  inches  above  the  furface  of  the  ffands  on  which 
it  reffs.  The  end-pieces  of  the  cafe  are  likewife  of  mahogany, 
about  j l inch  thick.  Each  confiff  s of  two  parts,  a lower  and  an 

upper. 
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upper.  In  the  lower  parts,  as  well  as  in  the  crofs  braces,  there 
are  femi-circular  cavities  lined  with  broad-cloth,  fitted  to  re- 
ceive the  diameter  of  the  tube,  which  refts  in  them,  and  is 
confequently  flip-ported  at  five  different  points.  The  upper 
end-pieces,  having  likewife  femi-circular  cavities  fitted  to  em- 
brace the  upper  part  of  the  tube,  flip  down  upon  it,  when  it 
has  been,  by  repeated  trials,  brought  to  its  true  pofition ; that 
is  to  fay,  the  axis  of  the  bore  into  the  fame  flraight  line,  the 
cafe  being  all  the  while  fupported  by  its  extremities  on  two 
ifands  only,  in  the  manner  in  which  the  rods  are  applied  in 
adtual  meafurement.  The  braces  within  the  cafe  have  alfo 
their  upper  pieces,  which,  in  like  manner,  apply  clofely  to 
the  tube,  and  are  fixed  to  the  lower  ones  by  means  of  fcrews. 
The  whole  together  ferve  only  as  flays  to  keep  the  tube  in  its 
true  place  from  fhaking ; but  without  binding  it  however  too 
clofely.  Laftly,  the  mahogany  collar  glued  to  the  pack-thread 
on  the  middle  of  the  tube,  being  flrongly  fixed  by  four  fcrews 
to  the  middle  brace,  as  may  be  feen  in  the  fedtion,  is  that  by 
which  the  tube  is  kept  perfectly  immoveable  with  refpedl  to 
the  middle  of  the  cafe ; while  it  is  unconfined  longitudinally  in 
the  cavities  lined  with  broad- cloth  every  where  elfe. 

Both  ends  of  the  tube  are  ground  perfectly  fmooth,  and 
truly  at  right-angles  to  the  axis  of  the  bore.  That  end,  which 
in  meafuring  ufually  lies  towards  the  left-hand  (fince  rnofl 
people  will  work  the  fcrew  with  the  right)  projects  about 
feven-tenths  of  an  inch  without  the  cafe,  and  is  called  the 
fixed  end,  becaufe  the  apparatus  belonging  to  it  is  fixed.  The 
other  end  towards  the  right-hand  projects  about  nine-tenths 
of  an  inch,  and,  having  a moveable  apparatus,  is  called  the 
moveable  end, 
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The  fixed  apparatus  confifts  of  a cork  about  three  inches  in 
length,  made  of  the  very  beft  material,  and  fo  nicely  fitted  to 
the  bore  as  jufi:  to  admit  of  being  forced  into  without  burning 
it.  In  the  middle  of  the  cork  a cylindrical  brafs  tube  is  placed, 
whofe  fides  are  thin,  the  inward  end  thick,  and  the  outward 
end  open.  It  receives  a fteel  pin,  whofe  inward  end  being 
formed  into  a fcrew,  is  thereby  fixed  into  the  thick  metal  of 
the  tube.  The  fteel  pin  carries  outwardly  a button  and  neck 
of  bell-metal.  The  neck  fits  fo  very  clofely  the  open  end  of 
the  brafs  tube  as  to  prevent  any  fhake  there ; at  the  fame  time 
that  the  infide  of  the  button  applies  very  juftly  to  the  ground 
end  of  the  glafs  tube,  to  which  the  outward  furface  (being 
a true  plane)  is  exaflly  parallel. 

The  moveable  apparatus  confifts,  like  the  other,  of  a cork 
and  brafs  tube  of  the  fame  length.  Before  the  infertion  of  this 
cork,  an  oblong  piece  feven-tenths  ®f  an  inch  long,  and  two- 
tenths  broad,  was  cut  from  it,  in  that  part  of  its  cylinder  an- 
fwering  to  the  upper  part  of  the  outward  end  of  the  glafs  tube, 
on  the  inward  furface  of  which,  about  half  an  inch  from  the 
end,  a fine  line  had  been  previouily  cut  by  a diamond  point. 

The  brafs  tube  in  this  cork  contains  within  it  a loofe  fteel 

♦ ■ 

worm,  or  helical  fpring,  fomething  lefs  than  the  interior  dia- 
meter of  the  tube.  Along  the  cavity  formed  by  the  fpiral, 
there  paffes  a freel  pin,  like  that  in  the  fixed  end ; but  it  is 
longer,  and  has  no  fcrew  at  the  inward  end,  that  being  nicely 
giound,  fo  as  to  fit  a circular  hole  in  the  inward  end  of  the 
brafs  tube,  while  a triangular  bell- metal  neck  fits  one  of  that 
figure  in  the  outward  end.  Thus  the  pin  moves  freely  back- 
wards or  forwards  without  any  fhake,  and  preffes  upon  the 
Heel  fpring,  by  means  of  a circular  brafs  collar,  placed  for  the 
purpofe,  at  the  inward  end  of  the  neck ; while  the  outward 
5 end 
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end  is  attached  to  a bell -metal  button.  The  outward  furface  of 
this  moveable  button  is  fpherical,  defcribed  on  a radius  of 
about  two  inches ; while  the  inward  furface,  like  that  at  the 
fixed  end,  would  apply  clofely  to  the  ground  end  of  the  glafs 
tube,  but  fhould  not  be  pufhed  fo  far  forward  as  to  touch  it. 
A circle  and  narrow  Hide,  cut  from  a folid  cylinder  of  ivory, 
fitted  originally  to  enter  eafily  the  glafs  tube,  is  attached  to  the 
iniide  of  the  button  by  fmall  (crews,  and  permits  the  neck  to 
pafs  through  a hole  made  on  purpofe  in  the  circle.  The  Aide 
is  about  eight- tenths  of  an  inch  long,  and  has  a fine  interfec- 
tion  cut  upon  it  near  the  inward  end,  made  black  to  render  it 
more  confpicuous.  Thus,  two  rods  being  brought  into  contact, 
and  the  fixed  button  of  one  being  prefled  againft  the  moveable 
button  of  the  other,  the  inter.fe6t.ion  is  thereby  pufhed  for- 
wards until  it  coincides  with  the  diamond  line  on  the  interior 
furface  of  the  tube  ; whofe  length  is  fo  adj lifted,  as  that,  when 
the  coincidence  is  perfed,  the  difbmce  between  the  plane  fur- 
face of  one  button,  and  the  fpherical  furface  of  the  other,  is 
exactly  twenty  feet.  The  left-hand  fide  of  the  plate  repre- 
fents  the  relative  pofitions  of  the  extremities  of  the  firft  and 
fecond  rods,  when  the  ivory  is  in  coincidence  with  the  dia- 
mond line.  And  the  right-hand  fide  fhews  the  relative  fitua- 
tions  of  the  extremities  of  the  fecond  and  third  rods,  before 
the  ivory  is  brought  to  coincidence  with  the  diamond  line,  the 
Aide  being  then  pufhed  out  by  the  a&ion  of  the  lpiral  fpring 
within  the  cork. 

Every  rod  has  four  wheels,  two  at  each  end.  They  are  two 
inches  in  diameter,  and  connected  by  a common  feel  axis, 
which  rifes  and  falls  in  a vacuity  prepared  for  its  admiflion  in 

the  mahogany  end-pieces,  the  tinder  part  of  which  vacuity  is 
afterwards  filled  up, 

A brafs 
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A brafs  hrap  or  bridle,  about  eight-tenths  of  an  inch  broacl, 
paffes  over  the  top  of  the  cafe,  and  defce'nding  down  each  fide, 
bends  outwards,  fo  as  to  form  a projection  for  the  reception  of 
the  wheels,  whofe  pivots  turn  in,  but  near  to  the  lower  end 
of  the  bridle,  which  is  kept  in  its  place  by  means  of  the  two 
tide  fcrews  working  in  grooves,  and  the  milled-headed  fcrew  at 
top.  This  laft  ferves  likewife  to  raife  or  deprefs  the  wheels  at 
pleafure. 

Each  rod  has  two  crofs  feet,  placed  immediately  behind 
their  refpedtive  pair  of  wheels,  extending  outwards  about  4! 
inches  from  the  center  on  each  fide.  Under  their  outward  ex- 
tremities, fmall  pieces  of  hardened  Reel,  formed  into  the  teeth 
of  a file,  are  fixed  by  means  of  fcrews.  When  the  firft  rod 
lias  been  laid  in  its  true  place,  by  unferewing  the  milled  heads, 
the  wheels  are  buffered  to  rife ; whereby  the  whole  weight  is 
removed  from  them,  and  thrown  upon  the  teeth  of  the  files, 
which  then  indent  themfelves  into  the  lurface  of  the  hand, 
and  become  as  it  were  united  to  it.  But  when  the  fixed  button 
of  the  fecond  rod  is  brought  to  prefs  againft  the  moveable  but- 
ton of  the  fir  If,  the  weight  being  then  thrown  upon  the 
wheels  by  ferewing  the  milled  heads  at  top,  the  rod  is  eafily 
moved  on  by  the  following  apparatus. 

The  three  rods  are  numbered,  as  were  thofe  of  deal,  1.2;  3.4  ; 
5.6.  On  the  firfl  or  odd  end  of  each  rod  1.  3.  and  5.  there  hands 
a brafs  fork,  about  two  inches  high,  fixed  by  four  fcrews  and  an 
oblong  plate  to  the  top  of  the  cafe.  O11  the  fecond,  or  even 
end  of  each,  2.  4.  and  6.  there  if ands  a brafs  pillar  of  the  fame 
height  with  the  fork,  likewife  fixed  to  the  top  of  the  cafe  by 
four  fcrews  and  a circular  plate.  Two  heels  rods  or  hooks 
were  indifferently  ufed  for  bringing  up  the  moveable  rod  (the 
weight  then  lying  on  the  wheels)  into  its  true  place.  They 

are 
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are  both  reprefented  in  the  plate,  and  only  differ  from 
each  other  in  the  ff ape  of  the  brafs  milled-headed  nut? 
that  work  upon  the  fcrew,  of  about  inches  in  length, 
into  which  the  right-hand  end  of  each  hook  is  formed. 
Thus,  while  the  nut  enters  very  freely  into,  and  refts  upon, 
the  fork,  the  left-hand  end  of  the  hook  has  a circular  hole  in 
it,  whereby  it  flips  eafily  off  and  on  of  the  brafs  pillar.  By- 
referring  to  the  plate,  it  will  appear  -fufficiently  obvious,  from 
the  nature  of  the  nut  on  the  left-hand  hook,  that  it  could  only 
move  the  rod  on  to  coincidence,  and  could  not  bring  it  back 
•again,  if  the  bufinefs  happened  at  any  time  to  be  overdone-; 
in  which  cafe  it  was  neceffary  to  move  the  rod  a little  back- 
wards by  the  hand,  and  then  to  work  anew  with  the  nut, 
until  the  coincidence  was  accurate : whereas  the  nut  on  the 
right-hand  hook,  having  two  fhoulders,  could  either  puff  or 
pull  the  rod  forwards  or  backwards;  and  although  this  ap- 
peared to  be  an  advantage,  yet  it  was  found  from  experience, 
that  it  rather  bound  the  hook  too  much,  and  occafioned  a kind 
of  fpring  in  the  parts,  which  fometimes  difturbed  the  coin- 
cidence on  the  removal  of  the  hook  ; wherefore  it  was  often  ap- 
plied, like  the  other,  by  placing  the  fcrew  itfelf  in  the  fork, 
and  working  with  both  ff  oulders  of  the  nut  behind  it. 

The  portions  of  the  thermometers,  and  mahogany  oval  lid 
on  the  top  of  the  cafe,  have  already  been  mentioned.  This 
laff,  being  unlocked  and  removed,  permits  the  cafe  to  be  looked 
into,  or  the  hand  to  be  admitted,  in  order  to  be  certain  that 
the  faftenings  remain  fafe  and  entire  in  the  in  fide.  Brafs  caps, 
with  the  refpeftive  number  of  the  rods  engraved  on  them,  are 
likewife  ferewed  on  the  male-fcrews  in  the  ends  of  the  cafe, 
through  which  the  extremities  of  the  tubes  project,  to  pre- 
ferve  them  from  accidents  when  not  in  ufe.  And,  laffl'y,  to 
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Strengthen  the  cafes,  but  more  particularly  to  prevent  them 
from  being  rent  when  long  expofed  to- the  fun’s  rays  in  the 
held,  the  tides  are  covered  with  brown  linen  laid'  on  very 
Smoothly,  and  carefully  glued  with  thin  glue,  ufed  as  a flronger 
kind  of  pafee,  to  which  it  may.  yet  be  neceffary  to  add  a coat 
of  oil  paint. 

Each  of  the  glafs  rods,  completed >.  in  the  manner,  above- 
mentioned,  weighs  about  Sixty-one  pounds..  Their  lengths 
were  ascertained  by  means  of  new  brafs  points  placed  in  the 
great  plank,  the  Spaces  of  forty  inches  being  laid  off,  with  the 
utmoft  care,  from  the  brafs  Scale,  when  the  temperature  of  all 
had  remained  for  the  greater  part  of  two.  days  (Augulf  15th 
and  16th)  at  or  very  near  68°.  For  this  purpofe  two  brafs 
rectangular  cocks,  whole  alternate  Surfaces  had  been  previoufly 
ground  together,  were  placed  upon  the  plank,  So  as  to  bife£b 
the  extreme  dots.;  in  . which  fituation  they  prefented  to  each 
other  Surfaces  that  were  truly  parallel.  The  rods  being  then  feve- 
xally  placed  between  the  cocks  * (or, . as  was  found  to  be  abetter 

method* 


* The  firft  of  thefe  cocks,  or  that  to  which  the  fixed  button  was  applied,  had 
a hole  in  it  exaftly  of  the*  height  of  the, center  of  the  button,  and  large  enough 
to  permit  the  point  of  the,  micrometer  ferew  tapafs,  through  it,  the  fa  id  ferew 
being  fixed  on, the  farther  fide,  or  beyond  the  cock.  . Thus,  while  the  tempera- 
ture continued  .accurately  at  68°,  the  fixed  button,  or  any  other  plane  furface, 
being  brought  up  to  the  hole  in  the  cock,-  and'  the  micrometer  point  ferewed  io 
far  as  juft  to  touch  it,  the  coincidence  continuing  in-  the  interim  perfect,  the  exa& 
diftance  of  twenty  feet  was  obtained  between  the  point  of  the  ferew  .and  the 
fepond  cock  ; at  which  time  the  divifion  anfwering  to  the. index  on  the  head  of  the 
micrometer  .was  carefully  noted.,  This  being  done,  the  cock  with  the  hole  was 
removed  from  the  plank,-  and  the  rods  were  feverally  adjufted  by  being  placed 
between  the  point  of  the  ferew  and  the  fecond  cock.  This  fubftitution  of  the 
micrometer  point,  inftead  of  the  firft  Cock,  was  found  necefiary ; becaufe,  during 
the  operation  of  adjuftment,  the  temperature  would  fometimea  change  a degree, 

generally 
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‘method,  between  the  point  of  a micrometer  fcrew,  fupplying 
the  place  of  the  firft  cock,  and  the  fecond)  the  ivory  interfecfion 
Was  at  firfl  neceffarily  Carried  beyond  the  diamond  line,  fo  as  tb 
make  the  intermediate  fpace  le'fs  than  it  fhould  be,  until  by  the 
gradual  grinding  down  of  the  moveable  bell-metal  button,  it 
was  enlarged  to  twenty  feet,  as  then  fhewn  by  the  accurate 
coincidence  of  the interfe'dtion  with  the  diamond  line. 

It  was  by  thefe  difiances  in  the  great  plank,  prolonged  to 
twenty- five  feet,  that  the  new  length -of  the  fieel  chain  was 
now  fettled,  fo  as  to  obtain  the  full  one  ; hundred  feet  at  four 
meafurements.  At  this  time  too,  brafs  points  were  introduced 
into  the  chain  at  every  twenty-five  feet,  whereby  its  extent  may 
be  compared  on  any  future  occafiom;  but  the  temperature  had 
now  fallen  to  660|o 

Difpoftion  of  the  Stands  for  the  double  meafurement  with  the 
Chain  and  Glafs  Rods  ; defcription  of  the  apparatus  then  applied 
to  the  ends  of  the  Chain ; and  ultimate  continuation  of  the 
meafurement  with  the  Glafs  Rods  alone . Tab.  XVII.  and 

XIX. 

F rom  the  various  cifcumftances  already  mentioned,  in  the 
eourfe  of  this  tedious,  yet  necefiary  recital,  it  had  been  for  a 
oonfiderable  fpace  of  time  forefeen,  that  the  refult  given  by 
the  meafurement  with  the  deal  rods  mult  be  entirely  rejected, 

generally  in  excefs,  from  handling  the  inftruments.  One  degree  of  alteration, 
producing  a difference  of  about  -nArath  part  of  an  inch  in  the  twenty  feet,  was 
very  eafily  and  accurately  allowed  for  by  fucn  a micrometer  as  this,  which  fliewed 
the  coincidence  of  the  ivory  interfeftion  with  the  diamond  line  to  be  more  or  lefs 
perfeft,  when  the  head  of  the  fcrew  was  moved  two  diyiftons,  that  is  to  fay, 
widths  or  itmsth  part  of  an  inch. 
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and  that  by  the  gla-fs  rods  adhered  to,  as  every  way  deferving 
of  the  preference ; becaufe  of  the  obvious  impropriety  there 
would  be,  in  taking  a mean  between  one  mdifputably  good 
and  another  lefs  perfebt,  however  fmall  or  trifling  in  reality 
the  difference  of  the  two  might  ultimately  be  found,  on  a 
minute  and  fcrupulous  companion. 

In  order,  therefore,  to  avoid  any  repetition  of  the  operation 
with  the  glafs  rods,  and  at  the  fame  time  to  give  fomething 
like  a fair  trial  to  the  chain,  it  was  propofed,  that  a double 
meafurement  fhould  be  carried  on  with  both  at  once ; that  is 
to  fay,  that  the  number  of  Hands,  and  feveral  other  parts  of 
the  apparatus,  fhould  be  fo  far  augmented,  as  to  admit  the 
chain  to  be  placed  twice  in  advance,  and  then  the  rods  to  fol- 
low in  fuccelfion  on  the  fame  Hands.  Accordingly,  the  various 
articles  having;  been  fent  to  the  north-wefl  end  of  the  bafe  on 
the  evening  of  the  i 7th  of  Augufl,  the  operation  of  the  dou- 
ble meafurement  commenced  next  morning  the  1 8th. 

By  referring  to  tab.  XV1L  it  will  be  feen,  that  feventeen 
Hands  were  neceffary  for  fupporting  the  chain,  the  apparatus 
attached  to  each  end  of  it,  and.  ten  coffers,  whereof  every  five 
made  about  ninety-eight  feet,  in  order  that  one  length  of  the 
chain  being  meafured  off  in  the  firfl  five,  it  might  be  drawn 
forward  into  the  lafi  five,  and  fo  on.  Thefe  feventeen  Hands 
were  difpofed  of  in  three  groups  of  three  each,  and  four  inter- 
mediate, between  the  central  and  extreme  groups.  The  mid-? 
die  or  Hide  Hand  of  each  group  (fo  diflinguifhed  becaufe  fome 
of  them  had  brafs  Hides  on  their  tops)  fupported  the  handle  of 
the  chain,  and  of  courfe  received  the  traces  made  at  the  feather- 
edged  pieces  of  brafs,  terminating  the  beginning  and  ending  of 
the  hundred  feet.  Thus,  there  were  in  all  fix  Hands,  inter- 
mediate to  thofe  in  the  center  of  each  group  that  fupported 
c the 
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the  ninety-eight  feet  of  coffering,  which  was  kept  fo  much 
fhort  of  the  hundred  feet,  that  its  extreme  parts  might  not  reft 
upon,  or  even  touch,  the  central  ftands.  To  that  on  the  left  of 
the  center  was  attached  the  apparatus  for  thefirftor  zeroendof  the 
chain  ; and  to  that  on  the  right  of  the  center  was  attached  the 
apparatus  for  the  laft  end  of  the  chain.  When  the  fecond 
chain  length  had  been  meafured  off,  the  firft  and  fixth  of  the 
coffer  ftands  of  the  firft  chain  were  moved  forward  to  prepare 
for  the  third  chain  ; and  the  four  remaining  coffer  ftands  were 
railed,  until  their  furfaces  came  into  the  fame  plane  with  the 
Hide  ftands,  for  the  reception  of  the  glafs  rods.  The  fpace  by 
which  thefe  ftands  were  railed  was  about  three  inches ; for  fo' 
much  higher  was  the  furface  of  the  interfoie  or  flooring  of  the 
coffers  than  the  ftands  which  fupported  them. 

The  apparatus  attached  to  the  firft  end  of  the  chain,  or  that 
• which  ferved  to  pull  it  back  to  the  point  of  commencement/ 
while  a weight  continued  fufpended  at  the  farther  end,  con- 
lifts  of  two  parts,  as  may  be  feen  by  referring  to  the  left-hand 
fide  of  tab,  XVII.  Firft,  a fmall  wooden  frame,  fitted  to  flip 
on  to  the  top  of  any  one  of  the  ordinary  ftands,  placed  imme-, 
diately  to  the  left  of  that  which  fupports  the  handle.  Secondly, 
a flatfteel  rod,  about  two  feet  in  length,  wherein  a number  of 
holes  are  pierced,  about  an  inch  afunder,  for  the  reception  of 
a fteel  pin  placed  in  one  of  the  holes,  as  beft  fuits  the  diftance 
of  the  ftand  from  the  handle.  That  end  of  the  fteel  rod 
neareft  to  the  end  of  the  chain  is  formed  into  a fcrew  about 
four  inches  in  length,  and  it  receives  upon  it  a forked  hook 
fitted  to  lay  hold  of  the  ftraight  part  of  the  handle  of  the  chain. 
Within  the  forked  hook  there  works  a ftrong  milled-beaded 
brafs  nut,  which  afting  upon  the  bottom  of  the  fork,  the  chain 
is  thereby  pulled  back,  until  the  wire  fufpending  the  plummet 

from 
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From  the  dart  on  the  feather-edge  coincides  with  the  point  of 
commencement  on  the  ground  underneath  ; for  which  purpofe 
there  is  a hole  in  the  top  of  the  {land  through  which  the  wire 
palfes.  The  apparatus  dand,  thus  ferving  to  pull  back  the 
chain,  was  commonly  loaded  with  double  Weights,  placed  on 
the  two  bindermod  legs. 

The  apparatus  for  the  lad  end  of  the  chain  con  fids,  like  the 
former*  of  a fmali  wooden  frame  that  can  be  readily  (lipped 
upon  any  of  the  common  (lands,  as  may  be  feen  by  referring 
to  the  fight-hand  lide  of  tab.  XVII.  This  frame  carries  a 
pulley,  over  which  a rope  pafies  having  fourteen  pounds  weight 
fufpended  at  one  end  of  it,  while  a forked  iron  hook  at  the 
other  end  lays  hold  of  the  (Iraight  part  of  the  brafs  handle.  By 
means  of  thefe  two  apparatufes  the  chain  is  always  kept  to  the 
fame  degree  of  tendon  in  its  coffers,  in  each  of  which  a ther- 
mometer was  placed  to  indicate  the  temperature ; the  whole 
being  covered  Up  from  the  direff  rays  of  the  fun  by  a narrow 
piece  of  linen  cloth,  dretched  along  it  from  one  end  to  the  other. 

Each  coffer  confided  of  three  boards  about  half  an  inch 
thick.  The  fides  were  about  five  inches  deep,  nailed  at  the 
middle  to  an  interfoie  bottom  of  four  inches,  in  fuch  manner 
as  to  be  reprefented  in  fe&ion  by  the  letter  H.  They  were  ill 
made,  being  by  their  parallelogram  (hape  apt  to  warp,  which 
might  have  been  prevented  by  giving  them  the  figure  of  the 
cafes  of  the  glafs  rods,  that  is  to  fay,  making  them  wide  in  the 
middle  and  narrow  at  each  end. 

We  are  now  to  proceed  to  give  fome  account  of  the  double 
rneafurement  with  the  chain  and  glafs  rods  ; wherein  it  mud  be 
remembered,  as  alfo  in  continuing  the  operation  with  the  glafs 
rods  alone,  that  in  referring  to  the  map  for  the  daily  progrefs 
in  the  work,  we  are  going  from  the  forty-fixth  towards  the  firft 

dation ; 
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ffation  ; and  in  having  recourfe  to  the  general  table  of  the  bafe, 
for  altitude*  temperature, . or  correction  for  expanfion,  we  are 
afcending  from  the  bottom  towards  the  top,  contrarily  to  the 
order  in  which  the  operation  with  the  deal  rods  wras  condu&ecf, 

O11  the  morning  of.  the  1 8 th  of  Align  ft,  the  ftands  with  the  ' 
various  parts  of  the  apparatus  being  placed  in  the  manner  juft 
now  defended,  the  operation  was  begun  by  bringing  the  firft: 
end  of  the  chain  to  coincide  with  the  interfeddion  on  the  tripod, 
anfwering  to  the.  end  of  the  1370th  deal  rod,  and  4.31  feet 
diftant  from  the  center  of  the  pipe  terminating  the  north-weft’ 
extremity  of  the  bafe.  The  chain  being  ftretched  along  its 
five  coffers  by  the  fourteen  pounds  weight  fufpended  over  the" 
pulley  at  the  farther  end,  and  the  temperatures  of  the  five  ther- 
mometers being  regiftered  in  a book  kept  for  that  purpofe,  a' 
fine  trace  was  made  on  a piece  of  card  faftened  under  the  fea- 
ther-edge at  the  farther  handle,  denoting  the  end  of  the  firft:- 
hundred  feet.  The  chain  being  then  moved  oil  into  the  next" 
five  coffers,  thofe  that  had  been  thus  vacated  were  carried  for-c- 
ward  to  prepare  for  the  third  chain  length,  - and  thereby  permit  - 
the  firft  fet  of  ftands  to  be  elevated  for  the  reception  of  thej 
glafs  rods ; and  fo  in  fuccefiion  with  the  others. 

In  this  manner  we  proceeded,  and  in  the  courfe  of  the  day' 
were  only  able  to  meafure  the  length  of  ten  chains,  or  1000 
feet,  being  the  forty-fixth  and  forty- fi fth  hypothenufes  of  the' 
bafe,  the  firft  of  400  and  the  laft  of  600  feet.  Being  arrived 
at' this  point  if  was  found,  that  the  fine  line  on  the.  brafs  Aide,’ 
marking  the  extremity  of  the  tenth  chain,  fell  fhort  of  ano- 
ther fine  lineon  the  fame  Hide,  denoting  the  end  of  the  fiftieths 
glafs  rod,’ juft  two-tenths  of  an  inch.  Now  it  will  appear 
hereafter^  when  we  come  to  fhew,  by  the  experiments  with 
the  pyrometer* 7 what  the  real  contractions  of  the  chain  and-'- 
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glafs  rods  were,  for  the  degrees  of  difference  of  temperature 
below  that  in  which  their  refpe&ive  lengths  were  laid  off,  that 
this  fmall  apparent  difference  of  two-tenths  of  an  inch,  be- 
tween the  two  modes  of  meafuring  the  thoufand  feet,  Ihould 
have  been  0.17938  in.  to  have  made  the  two  refults  exaCtly 
agree,  which  is  a real  difference  of  only  0.02062  of  an  inch. 
Suppofmg  then  every  thoufand  feet  of  the  bafe  to  have  been 
meafured  by  the 'chain  with  the  fame  attention,  and  confe- 
quently  with  the  fame,  or  nearly  the  fame  fuccefs  (and  there 
Purely  cannot  be  any  reafon  to  doubt  of  the  practicability)  we 
fhall  have  27.404x0.02062  in.  = 0.565m.  or  a defedt  of  fome- 
thing  more  than  half  an  inch  on  the  whole  length  of  the 
bafe. 

* When  the  length  of  the  chain  was  laid  off,  the  heat  was  66°|,  and  that  of  the 
glafs  rods  68J.  They  will,  therefore,  only  agree  with  each  other  accurately  in 
thefe  refpeftive  temperatures.  The  mean  of  twenty  thermometers  for  the  four 
chain  lengths  of  the  forty-fixth  hypothenufe  gave  a heat  of  6i°.6;  and  for  the 
fix  chain  lengths  of  the  forty-fifth,  the  mean  of  thirty  thermometers  gave  S9°-75> 
The  temperature  of  the  400  feet  of  glafs  by  the  mean  of  forty  thermometers 
was  65°.  3;  and  of  the  600  feet,  by  the  mean  of  fixty  thermometers,  it  was 
6o°.8.  Now,  from  thefe  data,  and  the  expanfions  of  fteel  and  glafs,  as  deter- 
mined by  the  pyrometer,  the  computation  will  ftand  as  follows : 


In. 


In. 


gtor>1  J400  66.5-61.6=4.9  x 0.03052=0. 14955 1_0 
jteC  \6oo  66.5  — 59-75=6.75 x 0.04578  = 0 30901  J 

Glafs/ 400  68.0-65.3=2.7  x 0.02068  =0.05584^  __ 


[_6oo  68.0-60.8  =7.2  x 0.03102=0.22334 
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contraft. 
of  1000 
feet. 

contract* 
of  1000 
feet. 
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Therefore  the  error  of  the  chain  in  defeft  was 
0,565  in,  or  little  more  than  half  an  inch  on  the  whole  bafe. 
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So  nice  an  agreement  between  two  refults,  with  inftruments 
fo  very  different,  could  not  fail  to  be  confidered  as  aftonifhing ; 
and  as  it  rarely  happens,  that  the  graduation  of  thermometers 
will  fo  nearly  correspond  with  each  other,  as  not  to  occafion  a 
much  greater  error,  all  were  very  defirous  that  it  could  have 
been  farther  confirmed  by  continuing  the  operation  in  the  fame 
way  through  a more  confiderable  proportion  of  the  whole 
length.  But  befides  the  tedious  nature  of  the  double  mea- 
furement, owing  to  the  multiplicity  of  {lands,  platforms, 
coffers,  and  other  articles,  that  were  now  fucceflively  to  be 
moved  forward,  and  for  which  purpofe  it  had  been  found  ne- 
ceffary  to  re-inforce  the  party  of  foldiers  with  fix  additional 
men  ; the  operation  had  already  trained  out  to  a much  more 
confiderable  length  than  had  been  expe&ed ; the  fummer  was 
now  far  advanced,  and  the  continuance  of  good  weather  un- 
certain ; the  coffers  likewife  for  the  chain,  having  been  cotx- 
ftrudted  in  a hurry,  were  found  to  be  defective : in  fhort,  all 
thefe  reafons  contributed  to  induce  us  to  give  up,  for  the  pre- 
fent,  any  farther  experiment  with  the  chain,  and  to  proceed 
with  the  glafs  rods  alone  in  the  completion  of  the  meafurement. 

Accordingly,  on  Thurfday  the  1 9th  of  Auguft,  the  opera- 
tion with  the  glafs  rods  was  continued  for  the  five  hypothe- 
nufes,  from  the  forty- fourth  to  the  fortieth  xnclufive.  It  will 
be  remembered,  that  in  proceeding  with  the  deal  rods,  double 
pickets  had  been  placed  in  the  ground,  at  the  middle  of  the 
forty-firfl  hypothenufe,  or  that  point  which  terminated  the 
1215th  rod,  reckoning  from  the  fouth-eaft,  or  the  1 55th  from 
the  north-wefl  end  of  the  bafe.  Now,  in  returning  to  this  point 
with  the  glafs  rods,  the  extremity  of  the  155th  fell  fhort  of 
the  filk  thread  ftretched  from  picket  to  picket,  juft  one-tenth 
of  an  inch.  The  expanfion  of  the  brafs.  ffandard  fcale,  and 
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that  of  glafs  being  taken  into-  the  account,  it  appears,  that  the? 
ftnali  expan  lion  * of  the  deal  rods  from  the  humidity  of  the. 
air,  muff,  at  this  point,  have  exceeded  what  it  was  efhmatec! 
at  in  the  general  table  by  0,931  of  an  inch,  fup poling  no  error 
of  any  kind  whatever  to  have  arifen  in  the  execution,  from, 
bringing  the  rods  into  contact,  or  otherwife. 

On  Saturday  the  21ft  of  Auguft,  the  meafu remen £•  was, 
refumed  at  the  thirty-ninth  Ration,  and  continued  for  Eve  hypo- 
thenules  to  the  thirty-fifth  inclufive.. 

This  day,  about  noon,  his  majesty  deigned- to  honour  the; 
operation  by  His  prefence,  for  the  fpace  of  two  hours,  enter- 
ing very  minutely  into  the  mode  of  conducing  it,  which  met 
with,  his  gracious  approbation. 

O11  Monday  the  23d,  the  menfuration  was. farther  continued 
for  five  hypothenufes,  that  is,,  to  the  thirtieth  inclufive. 

On  Tuefday  the  24th,  we  proceeded  with  the  meafurement 
for  the  fpace  of  feven  hypothenufes,  finifhlng  the  bufinefs  o£ 
the  day  at  the  twenty-fecond  Nation. 


In., 

r 0.383  for  i°  excefs  of  temperature  of  the  brafs  fcale  from 
* 1 55  deal  rods  j 6a°  to  63°. 

~ 3100  feet  | 40.651  proportionable  part  of  the  eftimated  expanfion  froru 
v humidity. 


4 1.034  equation  of  the  deal  rods  on  3100  feefe. 

for  6°  excefs  of  the  heat  of  the  brafs  fcale  from, 
62"  to  68°. 

obferved  contra&ion  of  the  glafs  from  the  nth  and 
1-2 th  columns  of  the  table, 
by  which  tbe  155th  rod  fell  fliort  of  the  thread. 

4 1,965  equation  of  the  glafs  rods  on  3100  feet. 


1 55  glafs  rods 
— 3100  feet 


-0.436 
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Difference  of  the  two  equations,  underrated  in  the 
expaufion  of  the  deal  rods,. 
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It  will  be  remembered,  that  in  carrying  on  the  operation 
with  the  deal  rods,  double  pickets  were  left  in  the  ground  at 
the  twenty-feventh  Nation,  anfwering  to  the  extremity  of  the 
Sioth  rod  from  the  fir  If,  or  the  560th  from  the  lad:  end  of 
the  bafe.  Now,  on  arrival  at  this  point,  the  560th  glafs  rod 
•overfhot  the  filk  thread,  fffetched  from  one  picket  to  the  other, 
2.525  inches.  Here  again  we  find,  that  the  lengthening  * of 
the  deal  rods  from  the  moifture  of  the  atmofphere  differs  but 
little  from  what  it  has  been  eftimated  at  by  comparifon  with 
the  ftandard,  being  over-rated  only  two-tenths  of  an  inch  on 
the  560  rods.  In  this  day’s  operation,  in  palling  the  bridge  laid 
over  the  old  river,  the  meafurement,  indead  of  being  made  in 
the  hypothenufal,  was  carried  on  in  the  level  line,  for  the 
fpace  of  twenty  rods,  namely,  fifteen  rods  of  the  twenty- 
feventh,  and  five  of  the  twenty-dxth  hypothenufe ; which 
occadons  the  alteration  in  the  reduction  of  fhefe  two  fpaces, 
marked  with  aderiiks  in  the  general  table. 

As  fome  trouble  bad  been  found  to  attend  the  eroding  of 
the  great  road,  in  the  fird  meafurement,  owing  to  the  num- 
ber of  carriages  that  were  continually  pading,  the  depth  of 

In. 
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+ 6-.648  equation  of  the  560  deal  rods. 
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51200  ft. 


+ 8.343  for  6°  excefs  of  heat  of  the  brafs  feale  from  62°  to  683. 
+ 1.821  obfervecl  expanfion  of  glafs  [from  columns  nth 
— 1.191  obferved  contraction  of  ditto  J and  10th 

“ 2.525  over-fliot  the  filk-thread. 


+ 6.448  equation  of  the  560  glafs  rods. 
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the  ditches,  and  height  of  the.  banks' of  the  old  Roman  way  t 
therefore  treftels,  fuited  for  the  purpofe,  had  b'een  now  pre- 
pared : and  left  any  accident  might  have  happened  in  conduct- 
ing this  part  of  the  operation,  fo  as  to  oblige  us  to  a repetition,, 
■double  pickets  Were  placed  in  the  ufual  manner  in  the  ground 
two  rod  lengths  from  the  twenty-fixth  ftation,  to  which  we 
could  have  referred,  without  going  back  as  far  as  the  tripod 
left  at  the  twenty-ninth  ftation,  the  point  from,  which  we  had 
departed  in  the  morning. 

Bad  weather  prevented  any  progrefs  being  made  on  the  25th; 
and,  on  the  2.6th,  all  that  could  be  done  was  to  mealure  the 
twenty-fecond  and  twenty-firft  hypothenufes. 

O.11  Friday  the  27th,  tine  work  went  on  more  expedltioufhy, 
having  in  the  conrfe  of  that  day  meafured  fix  hypothenufes, 
and  placed  the  tripod  at  the  fourteenth  ftation. 

On  Saturday  the  28th,  eight  hypothenufes  were  meafured, 
and  the  tripod  was  placed  at  the  ftxth  ftation.  In  this  day’s 
operation,  being  arrived  near  the  bridge  laid  over  Wolfey  River, 
double  pickets  were  placed  in  the  ground  in  the:  point  anfwer- 
ing  to  the  extremity  of  the  ny2d  rod,  reckoning  from  the 
north-weft,  or  the  198th  rod  from  the  fouth-eaft  end  of  the 
bafe,  that  w.e  might  recur  to  them  in  cafe  of  accident;  and 
the  eighteen  rod  lengths,  hetween  this  point  and  the  ftxth 
ftation,  were  meafured  on  the  level,  inftead  of  the  hypothe- 
nufal  line,  which  required  the  alteration  of  the  redu&ion  as 
diftinguifhed  by  the  afterifk  in  the  general  table. 

On  Monday  the  30th  of  Auguft,  the  meafurement  with  the 
glafs  rods  wms  completed*  ; when  the  extremity  of  the  1370th 

rod 

* The  gentlemen  who  were  prefent  at,  and  affixing  in,  the  laft  day’s  operation 
were  Captain  Bisset,  Mr.  Greville,  Sir  William  Hamilton,  Mr,  Lloyd, 

and 
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rod  over* (hot  the  center  of  the  pipe  terminating  the  bafe- 
towards  the  fouth-eaft  by  17.875  inches,  or  1.49  foot. , Hence,, 
when  the  feveral  equations  for  expanfions  are  refpedUvely  taken 
into  the  account,  we  find,  that  the  alteration  of  the  deal  rods-,- 
from  the  humidity  of-  the  air,  which,  by  companion  with  the, 
ftandard,  was  apparently  mod  confiderable  in  the  firfb  and; 
fecond  fedlions  of  the  bafe,  has  now  wholly  vanhhed  ; that  ist 
tb  fay,  the  total  amount  of  it  has  been  over-rated  by  20.964,; 
inches..*  and  this  is  the  contradictory  circumftance  that  has, 
been  formerly  alluded  to. 

1 have  already  fuggefted  what  appear  to  me.  to  have  been 
the  only  three,  poffible  caufes  of  this  difference,  found  between 
the  effimated  and. real  expanfion  of  the  deal  rods;  and  as  we 
are  to  abandon  that  meafurement.  entirely,  it  is  of  little  or  no- 
importance  now  to  endeavour  to  aifcoyer,  were  it  poffible,-, 
whence  it  may  have  arifen.  If  any  error  was  adually  com- 


and  Dr.  Usher,  Profeflbr  of . Altrooomy  in  the  College  of  D.ublin.  This  laft 
gentleman  was  fo  obliging  as  to  obferve,  with  the  moll  fcrupulous  attention, 
throughout  the  whole  operation  with  the  glafs  rods,  that  the  coincidence  of  the 
fecond  with  the  firft  remained  undifiurbedj  while  that  of  the  third  with  the  fecond-. 
was  completing. 


In. . 


* 1370  deal  a 
rods  ~ > 

27400  ft.  3 


4 3*3^9  f°r  J°  °f  hrafs  fcale  from  62°  to  63°. 
4 24.223  ellimated  expanfion  from  humidity. 


4127.612  equatiomof  the  1370  deal  rods. 


1370  glafs 
rods  ~ 
27400  ft. 


’ 4 20.336  for  6°  of  the  brafs  fcale  from  62°  to  68°. 

4-  5489  obferved  expanfion  of  glafs  1 from  columns  n th 
— 1. 802  obferved  contradlion  of  ditto  J and  12th. 

l — 17.875  fpace  by  which  the  1370th  rod  over-lhot  the  pipe. 


4 6.648  equation  of  the  1370  glafs  rods’. 
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20.964  over-rated  in  the  total  expanfion  of  the  deal  rods. 
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mitted,  which  is  the  lead  of  all  probable,  it  could  only  have 
happened  at  the  place  of  the  tripod,  by  bringing  a wrong 
point  of  the  idem  over  it  when  the  operation  was  refumed. 
But  it  is  well  known,  how  much  care  and  pains  were  taken  to 
prevent  any  thing  of  that  fort.  Indeed  the  hypothenufal  dis- 
tances, as  given  by  the  chain,  agreed  fo  nearly  among  them- 
Selves,  that  even  a foot  or  ten  inches  would  have  made  fo  re- 
markable a difference  in  the  fituation  of  the  next  picket  as 
could  not  have  palled  unobferved.  Befides,  in  returning  with 
the  glafs  rods,  after  palling  the  Staines  Road,  the  -measure- 
ment was  gradually  found  (without  any  leap  whatever)  to 
over-lhoot  the  pickets,  and  at  laft  over-reached  the  fouth-ead: 
pipe  by  17.875  inches.  I am  therefore  inclined  to  believe, 
that  the  difference  arifes  partly  from  what  may  have  been  loll 
by  condantly  butting  one  rod  againft  the  other,  whereby  the 
end  of  the  1370th  did  not  reach  fo  near  to  the  north- wed;  pipe 
as  it  ought  to,  and  would  have  done,  if  the  rods  had  been 
applied  to  each  other  by  coincident  lines.  It  muff,  however, 
be  confefled,  that  the  near  agreement  between  the  glafs  and 
deal  rods  in  the  upper  part  of  the  heath  Seems  not  perfectly 
reconcileable  to  this  fuppofition.  Neverthelefs,  the  defeent 
being  quickelt,  and  the  irregularities  of  the  Surface  much 
more  condderable  in  the  lower  than  the  upper  part,  might 
produce  Some  effect  in  one  which  did  not  take  place  in  the 
other.  But  the  chief  part  of  the  difference  I take  to  have  pro- 
ceeded from  over-rated  expanlion.;  that  is  to  fay,  the  rods, 
when  brought  into  ufe,  contracted  fooner  than  we  imagined, 
and  thereby  gave  a Shorter  meafure  than  what  was  affignable 
to  them  from  the  mean  of  any  two  or  more  comparisons. 


The 
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The  la#  day  of  Auguft  was  employed  in  dilcharging  the 
party,  and  removing  the  various  parts  of  the  apparatus  to 
Spring- Grove  Houfe. 


Defcription  of  the  Mkrofcopic  Pyrometer,  made  ufe  of  for  deter- 
mining by  experiment  the  expanfion  of  the  metals  concerned  in 
the  meafurement  of  the  Bafe.  Tab.  XX. 

Having,  in  the  preceding  part  of  this  Paper,  given  a very  mi- 
nute account  of  the  adtual  operations  in  the  field,  that  the 
Public,  being  thus  informed  of  every  circumftance,  might  be 
the  better  enabled  to  judge  of  the  accuracy  of  the  refult,  it 
remains  yet  to  point  out,  in  what  manner  the  equations  for 
the  expanfioiis  of  the  ftandard  fcale,  fteel  chain,  and  glafs  rods, 
applied  to<  the  apparent  meafurement  of  the  bafe,  in  feveral  of 
the  preceding  notes,  have  been  obtained  by  means  of  experi- 
ments with  the  pyrometer. 

It  is.  fufficiently  well  known,  that  many  years  ago,  a very 
ingenious  and  valuable  Member  of  this  Society  did  publifh  in 
the  Philofophical  Tran  faction  s (vol.  XLVIII.  1754,  N°  79.) 
an  account  of  experiments  made  with  a pyrometer  of  his  in- 
vention. No  doubt  was  entertained  of  the  accuracy  of  the 
experiments  here  alluded  to  ;,  on  the  contrary,  they  will  be 
confirmed  by  the  account  now  to  be  given  of  thefe  recentlv 
made,  with,  which,  they  very  nearly  agree.  But  as  different 
pieces  of  metal  of  the  fame  kind  are  certainly  fufceptible  of 
different  degrees  of  expanfion,  it  was  judged  befi:,  on  the  pre- 
feiit  occafion,  to  put  rods  to  thetefl  of  thofe  very  metals  that 
had  been  made  ufe  of  in  the  a&ual  meafurement  of  the  bafe,, 

7 For,  f 
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For,  fuppofing  both'fets  of  experiments  to  have  been  made  with 
inftruments  equally  .perfect,  and  to  have  been  in  other  refpedis 
■equally  well  conduced,  this  muft  always  be  confidered  as  the 
moll:  unexceptionable  method.  Betides,  the  expanlion  of  rods 
•of  the 'length  of  five  feet  being  ascertained,  the  unavoidable 
terror  of  obfervations  of  this  delicate  nature,  becomes  lelfened 
in  proportion  to  the 'excels  of  their  length  above  fhorter  rods. 
In  thefe  new  experiments  too,  another  fort  of  pyrometer,  in- 
vented by  Mr.  Ramsden,  has  been  applied,  of  fuch  accurate 
•conftruclion  that  it  feerns  not  ealy  to  improve  it. 

The  micro fcsepic  pyrometer,  fo  named  becaufe,  by  means 
of  two  microfcopes  attached  to  it,  the  expanlion  is  meafured, 
confifis  of  a ilrong  deal  frame  five  feet  in  length,  nearly 
twenty-eight  inches  broad,  and  about  forty- two  inches  in 
height.  The  elevation  of  the  eye-piece  fide,  or  that  which 
;prefents  itfelf  to  the  obferver,  and  alio  of  the  micrometer  end, 
or  that  which  is  towards  his  right-hand,  as  well  as  the  general 
plan  of  the  -top,  are  rep  refen  ted  by  a fcale  of  one  inch  to  a 
foot,  or  one-twelfth  part  of  the  real  dimenlions,  in  tab.  XX. 
where  likewife  may  be  leen  the  angular  view  of  the  fixed  end, 
together  with  plans,  fedtions,  and  elevations,  of  feveral  of  the 
principal  parts,  done  to  larger  fcales.  From  thefe,  it  is  hoped, 
the  conftrudtion  of  the  machine  will  be  ealily  underflood, 
without  entering  into  a minute  defcription  of  the  almoft  num- 
berlefs  fmaller  parts  whereof  it  is  compofed. 

-On  the  top  of  the  frame,  two  deal  troughs,  upwards  of  five 
feet  in  length,  are  firmly  fcrewed.  That  towards  the  obferver 
overhangs  the  frame  fomething  more  than  an  inch:  that  on 
the  farther  fide  is  even  with  the  back  part.  Each  of  thefe 
troughs,  which  are  about  three  inches  fquare  in  the  infide, 
contains  a caft-iron  ftandard  prifm,  whofe  fides  are  1 \ inch. 

The 
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Tile  manner  in  which  the  prifms  are  fadened  to  the  bottoms  of 
their  refpedive  troughs,  and  the  nature  of  the  apparatufes  they 
carry  on  their  extremities,  will  be  readily  conceived,  by  refer- 
ring to  the  particular  plans  and  elevations  of  them,  compre- 
hended in  the  group  of  eight  fmall  figures  towards  the  right- 
hand  of  the  general  plan.  Four  of  thefe  appertain  to  the  left- 
hand  or  fixed  microfcope ; and  the  other  four  to  the  right-hand 
or  micrometer  microfcope,  fo  didinguifhed  becaufe  it  has  a 
micrometer  attached  to  it.  By  means  of  the  brafs  collars 
which  embrace  the  prifms,  their  left-hand  or  fixed'  ends  are 
fcrewed  down  extremely  faff  to  the  brafs  pieces  whereon  they 
reft,  fo  as  to  be  perfectly  immoveable  there  writh  regard  to 
their  troughs ; whereas  their  right-hand  ends  are  kept  eafy, 
yet  without  fliake,  in  their  collars,  that  they  may  contrad  or 
lengthen  freely  as  the  temperature  may  require,  without  occa- 
fioning  any  ftrain  upon  the  parts.  The  prifm  in  the  neared 
trough  may  be  called  the  eye-piece  prifm,  becaufe  it  carries  the 
eye-pieces  of  the  microfcopes  ; and  that  in  the  farther  trough, 
the  mark  prifm,  becaufe  it  carries  the  marks  or  crofs  wires  at 
which  the  microfcopes  refpedively  point.  The  troughs  are 
covered  with  pitch  in  the  infide,  to  make  them  hold  water ; 
and  each  has  a cock  in  the  left-hand  end  for  difcharging  it. 

Between  the  two  deal  troughs,  one  of  copper,  as  a boiler, 
is  placed,  fomewhat  fhorter  than  the  former,  but  dill  upwards 
of  five  feet  in  length.  It  is  about  2f  inches  broad,  and  3I  in 
depth.  The  center  of  the  boiler,  or  rather  the  center  of  the 
objed  lens  which  Bands  in  it,  as  we  (hall  have  occafion  foon  to 
point  out,  is  diftant  from  the  crofs  wires  of  the  mark  5.81 
inches ; and  from  the  wires  of  the  micrometer  attached  to  the 
correfponding  eye-piece  20.33  inches«  The  boiler  reds  on  five 
fmall  rollers,  one  being  fixed  to  each  end  of  the  frame,  and 
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the  other  three  to  the  braces  which  run  acrofs  it.  This  cop- 
per trough  has  likewife  a cock  in  the  left-hand  end  ; and  ire 
the  general  plan  a caft  iron  prifm  is  reprefented  in  k ; but  this 
laid  carries  no  apparatus,  as  fhofe  in  the  wooden  troughs  do, 
being  exaCily  of  the  length  of  five  feet,  and  only  placed  there 
as  one  of  the  rods  whofe  expanfion  was  tried,  and  to  fhew  that 
the  machine  was  capable  of  receiving  a rod  of  that  weight 
and  magnitude. 

By  referring  to  the  general  plan  it  will  be  feen,  that  twelve 
lamps  are  made  ufe  of  to  bring  the  water  in  the  copper  to  boih 
They  hand  on  four  {helves,  three  in  each  compartment  formed 
by  the  crofs  braces  of  the  frame.  They  can  readily  be  pufhed 
forwards  or  drawn  backwards,  and  when  actually  in  ufe,  their 
handles  are  only  feen,  projecting  from  under  the  copper.  It 
was  found,  by  burning  oil  in  the  lamps,  the  heat  of  the  water 
could  not  be  raifed  above  209°  or  210°;  but  with  fpirits  of 
wine  it  was  brought  into  violent  ebullition.  The  plan  of  the 
frame  likewife  {hews,  that  the  tubes  of  the  microfcopes  are 
fub-divided  into  feveral  difiinCt  parts ; and  that  one  of  thefe 
parts  is  attached  by  a collar  to  a mahogany  prifm,  which  reaches 
from  one  end  to  the  other.  But  the  ufe  of  thefe  contrivances 
it  will  be  heft  to  defer  fpeaking  of,  till  after  having  defcribecf 
the  apparatufes  that  are  placed  within  the  copper  boiler. 

At  the  bottom  of  the  plate  the  boiler  is  reprefented,  both  hi 
plan  and  longitudinal  feCtion,  to  a fcale  of  one-fourth  part  of 
its  real  dimenfions.  It  contains  within  it  two  brafs  Hides,  the 
one  long  and  the  other  Ihort;  which,  from  the  braces  that 
bind  the  cheeks  together,  very  much  refemble  the  form  of  a 
ladder.  The  long  Hide,  whofe  cheeks  are  i|  inch  deep, 
reaches  almofl:  the  whole  length  of  the  copper,  although  every 
where  unconnected  with  it  except  at  the  points  A and  B.  At 
1 the 
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the  fir  ft  of  thefe,  two  ftrong  pieces  of  brafs,  fixed  to  the  cheeks, 
sind  notched  underneath,  embrace  the  ends  of  a brafs  cylin- 
drical bar  fattened  to  the  bottom.  At  the  latt,  the  cheeks  of 
the  Aide  reft  on  a roller.  Whence  it  follows,  that  the  copper  and 
Aide  remain  immoveable  with  regard  to  each  other  at  A ; but 
from  thence,  towards  either  end,  they  have  full  liberty  to 
change  place ; that  is  to  fay,  to  expand  by  heat,  or  contraft  by 
cold,  in  any  proportion  their  different  natures  may  require. 
The  left-hand  end  of  the  Aide  is  fhut  up  by  a ftrong  perpen- 
dicular piece  of  brafs,  connected  with  the  two  fide  rings  which 
fupport  the  objed  lens  of  the  fixed  microfcope,  whofe  center 
correfponds  accurately  with  its  inward  face.  This  piece  being 
firmly  ferewed  to  the  cheeks  of  the  Aide,  and  counter-arched 
outwardly,  forms  a ftrong  butt  for  the  fixed  end  of  the  ex- 
panding rod  (fuppofed  here  to  be  the  fteel  bar)  to  aft  agaiuft- 
Within  the  right-hand  end  of  the  long  Aide,  refts  a Aiort  one. 
of  about  14I  inches  in  length,  whofe  cheeks  are  1 1 inch  deep. 
Its  outward  end,  at  C,  refts  on  the  cylindrical  furface  of  the  laft 
brace  of  the  long  Aide,  fitted  purpofely  to  receive  it ; while  a 
narrow  longitudinal  bar  fixed  in  its  inward  end,  at  Drx  in  the 
ieftion,  moves  freely  in  the  notch  of  a bridge  b , framed  for  it 
in  the  long  Aide.  The  outward  end  of  this  Aiort  Aide  is  Amt 
lip  in  a fimilar  manner  with  the  oppofite  end  of  the  long  one. 

This  end-piece  is  alio  connefted  with  the  two  fide  rings 
which  fupport  the  tube  containing  the  object  lens  of  the  mi- 
crometer microfcope,  whofe  center  is  perpendicularly  over  its 
inward  face,  and  being  fortified  outwardly  by  an  edge  bar,  it 
forms  a butt  for  the  expanding  end  of  the  rod  that  is  in  experi- 
ment to  pufti  againft.  By  attending  to  the  plate  it  will  be 
perceived,  that  to  this  end  of  the  boiler  a brafs  tube  (R)  is 

fixed,  which  contains  within  it  a brafs  rod,  furrounded  by  a 

p n ~ helical 


466  Major-General  HoYh  Account  of  the 

helkal  fteel  fpring;  which  acting  upon  abroad  Ihoulder  of  the 
rod  prepared  for  the  purpofe,  thereby  p relies  its  inward  end,, 
which  enters,  the  boiler,,  againfl;  the  perpendicular  lurface  of 
the  end-piece  of  the  fhort  Hide..  Thus,  the  farther  end  of  the- 
rod  in,  experiment,  fuppofed  now  to  be  in  its  contracted  fate,, 
is  conftantly  made,  to  bear,  againft  the  lurface  that  is  under  the- 
fixed  microfcope.  But  on  the  application  of  heat,  the  irre- 
fiftible  force  of  expanlion  in  the  rod  obliges  the  fpring  to  give: 
way;  the  fhort  Hide  changes  its  place,  and  with  it  the  objedh 
lens  of  the  micrometer  microfcope  moves  on  a fpace  propor- 
tionable to  the  degree  of  heat  that  is  applied ; and  it  is  this 
dilfance,  meafured  by  means  of  the  micrometer,  as  hereafter 
will  be  (hewn,  that  determines  the  quantity  of  expanfion,  or 
the  fpace  by  which  the  rod  has  lengthened..  From  the  plate 
it  will  be  further  obferved,  that  the  rod  in  experiment  refts  out 
the  furfaces  of  three  rollers,  about  an  inch  in  diameter  p and 
by  means,  of  three  pair  of  miiled-headed:  nuts  i§  inch  in  dia- 
meter, which  move  on  axes  that  are  formed  into  fcrews,  until 
they  almoft  touch  the  fidesr  of  the  rod,  this  is  kept  in  its  true 
centrical  polition,  whatever  may  be  its  form  or  lateral 
dimenlions. 

The  microfcope  towards  the  left-hand  has  been  denominated 
fixed,  becaufe  it  correfponds  with  the  firli  or  fixed  end  of  thq  . 
rod.  in  experiment,  and  never  changes  its  place  while  thefe  are 
of  the  length  of  five  feet.  But  it  appearing  to  be  of  confer 
quence,  that  the  expanfion  of  the  llandard  brafs  fcale,  which, 
is  not  quite  forty-three  inches  long,  Ihould  be  determined,  the 
pyrometer  has  therefore  been  adapted  for  the  reception  of  any 
rods  lefs  than  five  feet,  whereby  it  is  made  more  univerfally  ufeful. 
For  this  purpofe  it  becomes  necefifary  to' move  the  marks  and 
eye-pieces  of  the  fixed  microfcope,  along  their  refpedtive  prifms, 

to 
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to  the  proper  pofition  for  the  rod  that  is  to  be  tried.  Nevertheless 
the  objedt  lens  remains  in  its  original  place;  and  in  its  fead 
another  lens,  of  the  fame  focal  difiance,  is  fixed  on  a fimilar 
end-piece,,  that  can  be  firmly  clamped  to  any  correfponding 
place  whatever  of  the  cheeks  of  the  long  Hide.  Hence  will 
appear  the  reafon  for  breaking  the  fcreening  tubes  of  the  mi- 
crofcopes  into  feveral  parts,  and  the  ufe  of  the  mahogany  prifm, 
along  which  the  thick  part  of  the  tube  moves  from  one  end  to 
the  other. 


The  pyrometer,  fince  it  was  firft  made  and  tried,  has  under- 
gone feveral  final!  alterations,  by  way  of  improvements,  which 
it  is  now  unneceflary  to  defcribe  particularly.  One  of  thefe 
was  the  application  of  crofs  levels  to  the  parts  of  the  tube  (SS 
in  the  general  plan)  connected  with  the  object  glafies.  The 
manner  in  which  they  are  fixed  on  will  appear  from  the  re- 
prefentations  of  them  in  the  lowermofi  left-hand  angle  of  the 
plate.  And  the  fedtion  at  the  right-hand  angle  Shews  the  ap- 
pearance of  the  double  brafs  hook,  uni verfal  joint,  and'milled- 
headed  nut,  applied,  acrofs  the  middle  of  the  boiler  (at  TU) 
whereby  the  levels  are  brought  to  be  confident,  when  the  water 
is  boiling,  with  the  pofition  they  had  been  adjufied  to  when 
the  temperature  was  at  freezing ; that  is  to  fay,  they  are  kept 
parallel  to  themfelves  in  both  fates.  This  was  thought  necef- 
fary,  becaufe  the  application  of  the  boiling  water  funk  the 
middle  of  the  fide  afmall  matter,  and  thereby  made  the  levels 
mn  outwards. 


The  micrometer  fo  often-  mentioned,  being  a very  efential 
part  of  the  machine,  is  reprefented  both  in  elevation  and  hori- 
zontal feftion  to  the  full  fize.  Its  chief  parts  confif  of  a mi- 
crometer feelfcrew,  which  works  in  the  fqu  are  nut  of  a brafs 
fide,  while,  the  plane  part  of  it  enters  into  a long  brafs  focket, 

nicely 
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nicely  ground  to  receive  it,  and  thereby  preventing  all  fhakc* 
To  the  fquare  nut,  one  end  of  a watch  chain  is  attached ; the 
other  end  having  paffed  around  is  fixed  to  a barrel,  which  con* 
tains  a watch  fpring  coiled  up  in  the  ufual  manner.  By  this 
contrivance,  any  lofs  of  time  in  the  motion  of  the  moveable 
wire,  fixed  to  the  fquare  hide,  is  effectually  prevented,  whe- 
ther the  fcrew  be  turned  backwards  or  forwards.  The  fixed 
wire,  fo  called  becaufe  it  is  only  made  life  of  occafionally,  ap- 
pears in  the  elevation  to  the  left-hand  of  the  former,  and  is 
farther  removed  from  the  obferver,  being  attached  to  the  oval 
Hide  which  bounds  the  field  of  the  micrometer.  This  wire 
is  moved  by  the  infertion  of  a milled-headed  key  (although  not 
reprefented  in  the  plate)  fitted  to  flip  upon  the  fquare  end  of 
its  proper  fcrew,  which  may  be  feen,  in  the  elevation,  projecting 
above  the  micrometer  head.  It  has  but  little  motion,  being 
only  intended  for  the  meafurement  of  fmall  differences  of  ex- 
panfion,  or  any  fmall  fpace,  by  leaving  it  there,  while  the 
other  wire  is  repeatedly  brought  to  coincide  with,  and  again 
depart  from  it.  For  particular  purpofes  this  wire  may  be  ufe- 
ful ; neverthelefs,  the  inftrument  would  have  performed  very 
well  without  it. 

The  conffruCtion  of  the  microfcopes  will  be  readily  un« 
derftood,  by  referring  to  the  figures  under  that  head  on 
the  right-hand  fide  of  the  plate ; where  the  relative  fitua- 
tions  of  the  different  eye-glafles,  with  regard  to  the  wires 
or  place  of  the  magnified  image,  as  well  as  to  the  eye,  are 
truly  reprefented  in  their  real  dimenfions;  but  the  diftances 
from  thefe  to  the  objeCt  lenfes  and  marks  refpe&ively,  are  con- 
tracted or  broken  off,  from  want  of  fufficient  room  to  delineate 
them  otherwife.  To  increafe  the  angle  of  vifion  in  microfcopes, 
it  is  always' neceffary  that  they  fhould  have  at  leaf!  two  eye- 
glafles,  and  the  fixed  microfcope  in  the  plate  fhews  them  in 
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their  ufual  pofitiorj,  the  image  from  the  objed  lens  there  being 
formed  between  the  two,  that  the  difperfion  of  rays  in  the  firft: 
may  be  corrected  by  that  of  the  fecond.  But  although  this  con- 
ftru&ion  ferves  perfectly  well  every  purpofe  of  the  fixed  micro- 
fcope,  yet  it  could  not  ahfwer  in  the  moveable  one,  to  which  the 
micrometer  is  attached,  where  equal  parts  of  an  image,  or  their 
motion,  are  to  be  meafured  by  the  equable  motion  of  the  ob* 
jeCt  lens,  as  lhewn  by  the  micrometer : for  in  that  cafe,  the 
interpolation  of  an  eye-glafs  before  the  image  was  formed, 
would  not  only  have  diminifhed  its  fize,  and  thereby  rendered 
the  meafure  lefs  accurate ; but  likewife,  by  refracting  the 
oblique  pencils  more  than  thofe  nearer  the  center,  it  would 
have  deft royed  the  equality  of  the  fcale,  and  made  equal  parts 
of  the  objeCt  itfelf  to  have  been  reprefented  unequally  in  the 
magnified  image,  and  confequently  erroneoufly  meafured  by 
unequal  parts  of  the  micrometer.  It  was  to  remedy  a defeCt 
of  this  fort  that  Mr.  Ramsden  propofed  his  new  fyftem  of 
eye-glaftes,  defcribed  in  the  Philofophical  TranfaCtions,  voh 
LXXIII.  1783,  N°  5.  And  he  has  here  applied  that  fyftem 
in  the  conftruCtion  of  the  micrometer  microfcope ; where  it 
will  be  perceived,  that  both  glafles  ftand  between  the  eye  and 
the  image,  whereby  the  greater  magnitude  of  this  laft  is  ob- 
vioufiy  preferved,  as  well  as  the  juft  Iftnilarity  of  all  its  parts 
to  thofe  of  the  objeCt  itfelf. 

With  regard  to  the  fcale  of  the  pyrometer,  it  is*  in  the  firft: 
place,  to  be  obferved,  that  the  head  of  the  micrometer  fcrew, 
which  is  nine-tenths  of  an  inch  in  diameter,  is  divided  into 
fifty  equal  parts,  each  of  which  being  reckoned  two,  it  is 
therefore  numbered  to  100.  Fifty-five  revolutions  of  the 
head,  being  equal  to  0.77175  of  an  inch,  as  meafured  with 
great  accuracy  by  Mr,  Ramsden’s  ftraight-line  engine,  it 

follows^, 


47°  Major-General  Roy^s  Account  of  the 

follows,  that  there  are  71.27  threads  of  the  fcrew  in  an  inch; 
that  feven  revolutions  and  nearly  TV6th  parts  move  the  wire  of 
the  micrometer  one- tenth  of  an  inch ; and  that  ^-l^th  part  of 
a revolution,  or  half  a divifion,  anfwers  to  a motion  of  feme- 
thing  more  than  0.00014  ot  an  inch. 

Having  thus  obtained  the  number  of  revolutions  and  parts  of 
the  micrometer  (.7*13)  correfponding  to  one-tenth  of  an  inch  at 
the  wires,  it  is  fufficiently  obvious,  that  the  number  anfwering 
to  one-tenth  LM  at  the  mark  being  likewife  obtained,  and 
added  to  the  former,  their  fum  will  give  the  meafiire  of  one- 
tenth  at  the  objedt  lens,  or  the  fpace  by  which  the  expanding 
rod  has  lengthened,  as  Ihewn  by  the  motion  of  the  lens  from 
0 to  p.  This  meafure  of  one-tenth  of  an  inoh  at  the  mark 
was  afcertained  in  two  different  ways,  and  the  refults  exactly 
agreed  with  each  other.  In  the  firft  place,  a very  thin  ivory 
Hide,  whereon  feveral  twentieths  of  an  inch  were  nicely  divided 
by  exceeding  fine  lines,  was  prepared,  and  made  to  move  in  the 
mark  where  the  brafs  Hide  now  exiffs.  A candle  being  then 
placed  behind  it  at  night,  while  the  pyrometer  flood  within 
doors,  and  the  micrometer  wire  being  repeatedly  moved  by  the 
icrew,  its  coincidence  with  the  lines  was  diftindtly  feen  through 
the  ivory  j whereby  two  of  the  fpaces  were  found  to  be  mea- 
ff  red  by  24.93  revolutions  of  the  head.  The  fecond  method 
was.,  by  means  of  two  exceeding  fine  wires  placed  parallel  to 
'each  other  on  the  brafs  Aide,  where  they  now  remain,  at  the 
-distance  of  one-twentieth  of  an  inch  on  each  fide  of  the  inter- 
fection  wires,  as  may  be  feen  by  obferving  the  real  mark,  or 
rather  its  magnified  image,  as  fhewn  in  the  oval  field  of  the 
micrometer,  in  the  central  figure  of  conftrudHon.  The  revo- 
lutions of  the  micrometer  anfwering  to  the  diftance  between 
thefe  parallel  wires  was,  as  before,  found  to  be  24.93  » which 
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being  added  to  7.13,  we  have  32.06  for  the  number  of  revolu- 
tions meafuring  a motion  of  one-tenth  at  the  object  lens,  or 
the  expaMon  of  one-tenth.  In  this  manner  Mr.  Ramsden  ob- 
tains the  fcale  of  his  pyrometer  in  the  eafieft  and  mold  fimple 
way  imaginable,  without  any  neceffity  for  knowing  the  ab fo- 
liate diftances  of  the  objeft:  lens  from  the  wires  of  the  mark  on 
one  hand,  and  thofe  of  the  micrometer  on  the  other  ; diftances 
not  ealily  afcertained  by  acftual  meafurement,  on  account  of 
the  pofttion  of  that  glafs  in  its  cell,  which  cannot  conveniently 
be  come  at.  Thus,,  in  tab.  XX.  as  well  as  in  the-  annexed 
figure,  LM  being  the  objefl  at  the  diftance  .of 
the  mark,  equal  to  one-tenth  of  an  inch ; 
then  ml  will  be  its  magnified  image,  in  pro- 
portion to  the  former  as  mo  is  to  cM.  And, 
if  through  the  point  p>  the  place  to  which 
the  objeft  lens  0 has  been  carried  by  the  mo- 
tion of  the  expanding  rod,  a line  My  be  drawn 
parallel  to  L /,  we  fhall  have  zzz/:r  24.93 -f/y  — 

7,13  = mq  — 32.06,  the  number  of  revolutions 
of  the  micrometer  meafuring  op  the  expanfion. 

Having  thus  obtained  the  total  number  of 
revolutions  correfponding  to  zzzy;  and  having 
likewife  meafured  the  total  diftance  m M — 

26.144  inches,  a fpace  eafily  afcertained  be- 
tween the  wires  of  the  micrometer  and  thofe 
of  the  mark,  the  partial  diftances  mo  and  may  then 
be  readily  found  by  computation  : for  mq  : ml ::  m~Nl  x mo-=z 
20.33  inches ; and  mqxmM  ::  op  : oMet  5.814  inches. 

I11  order  to  finifh  the  defcription  of  the  pyrometer,  it  is 
only  neceftary  to  obferve  farther,  that  the  circular  fcale, 
feen  in  the  elevation  of  the  micrometer,  whofe  zero  ap- 
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pears  to  coincide  with  the  dart  on  the  plane  part  of  the  brafs, 
is  that  which  ferves  by  its  motion  to  regilder  the  turns  of  the 
head.  A forked  key,  fitted  to  enter  the  holes  near  the  circum- 
ference of  the  circle,  is  made  ufe  of  for  the  adjuftmemt  of  this 
zero.  The  circle  fhould  never  be  turned  backwards  or  towards 
the  left,  left  the  watch  chain  fhould  thereby  be  thrown  off  the 
barrel,  but  always  forwards  or  towards  the  right,  even  if  it 
fhould  be  necefiary  to  move  it  almoft  an  entire  revolution.  The 
zero  of  the  head  is  that  which  fhould  be  firft  brought  to  cor- 
refpond  with  its  proper  dart.  They  may  be  feen  to  coincide 
in  the  horizontal  fetftion  of  the  micrometer  ; and  the  departure 
of  zero  from  thi§  "dart,  indicates,  by  the  number  of  divifions 
that  are  intercepted,,  the  value  of  any  fractional  part  of  a, 
revolution. 

Account  of  the  experiments  with  the  Pyrometer 0. 

Although  the  inftrument  which  I have  here  endeavoured  to 
defcribe  was  begun  early  in  the  winter  of  1784,  yet  it  was  not 
finifhed  till  the  beginning  of  Taft  April ; at  which  time  it  was 
brought  to  Argyll- Street,  and  being  placed  truly  level  on  the 
ftone  pavement  of  the  yard,  was  covered  with  an  oil-cloth 
canopy,  that  the  experiments  might  not  be  interrupted  by 
rainy  weather. 

To  fill  the  three  troughs  completely  it  required  from  twenty- 
five  to  thirty  pounds  of  pounded  ice,  which  was  always  put  in  with 
great  care,  fo  as  to  apply  as  compaCtly  as  poftible  to  the  ftan- 
dard  prifms  and  rod  refpeCtively,  with  but  little  common  water  * 

* When  common  water  was  ufed,  although  not  in  any  very  confiderable  pro- 
portion, the  thermometer  kept  always  half,  and  fometimes  three  quarters  of  a 
degree  above  3 %° . 


at 
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at  firft  added  ; it  having  been  found  in  thefe  experiments,  that 
ice  water  only,  fuch  as  drains  from  the  ice  itfelf,  Ik  that  which, 
fhould  properly  be  made  ufe  of  to  mix  with  the  pounded  ice, 
in  order  to  bring  the  whole  mafs  to  the  true  freezing  tempera- 
ture. Being  at.  the  commencement  uncertain  what  time  might 
be  neceffary  for  the  rods,  efpecially  when  of  fo  large  a fize  as 
the  ftandard  prifms,  to  acquire  the  juft:  temperature  of  freezing, 
at  firft  the  ice  was  put  into  the  troughs  over  night,  to  prepare 
for  the  continuation  of  the  experiment  next  morning.  But 
after  .many  repeated  trials,  this  precaution  was  found  to  be 
needlefs;  a quarter  of  an  hour  being  more  than  fufficient  to 
give  to  all  the  freezing  temperature,  as  well  as  to  render  the 
lens  on  the  expanding  rod  ftationary,  after  the  water  fupplying 
the  place  of  the  ice  had  been  brought  fairly  to  boil. 

The  inftrument,  in  its  firft  ftate,  having  in  feme  cafes  made 
the  expanfion  appear  to  be  progreffive,  and  not  equable  ; there-' 
fore  its  rate  was  attempted  to  be  afcertained  by  noting  the  pro- 
greffion  anfwering  to  6o°,  120°,  and  180°  above  freezing.  But 
when  the  inftrument  was  rendered  perfedt,  and  that  110  fenfiblc 
difference  was  found  between  the  expanfion  at  the  lower  and 
that  at  the  upper  part  of  the  fcale,  a fair  mean  being  taken  be- 
tween its  afcending  and  defcending  rates,  and  allowing  for  the 
difficulty  of  keeping  the  water,  for  any  length  of  time,  pre- 
cifely  to  the  fame  intermediate  heat ; then  this  tedious  mode  of 
conducing  the  experiments  was  given  up,  and  the  expanfion 
for  1800  was  at  once  determined  by  bringing  the  water  to  boil 
around  that  rod,  which  but  a little  before  had  been  lying  in 
melting  ice,  and  which  the  ftandard  prifms  ftill  continued  to 
do  throughout  each  experiment,  care  being  taken  to  have  a 

fupply  of  pounded  ice  always  ready  to  keep  thefe  two  troughs 
quite  full. 

Qqqa  Two 


- 
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Two  ob  fewer  s are  neceffary  for  the  effedual  application  of  the- 
pyrometer.  He  who  observes  with  the  fixed  microfcope,  takes 
care  that  its  object  lens  is  kept  in  its  true  place,  that  is  to  fay, 
that  the  wire  in  the  eye-piece  accurately  bilefts  the  inter feftiom 
wires  of  the  mark.,  This  he  is  enabled  to  do  by  means  of  the 
apparatus  attached  to  the  fixed  end  of  the  boiler,  as  will  Ire  bed: 
conceived  by  obferving  the  plan  (at  WX)  along  with  the  ele- 
vation of  that  end  placed  near  it.  The  apparatus  confifts  of 
two  milled -headed  fcrews,  working  in  brafs  plates  fattened  to 
the  end  of  the  frame,  and  acting  againft  a fmali  cock  which 
projects  from  the  lower  part  of  the  boiler,  whereby  this  laft 
receives  fuch  longitudinal  motion  to  and  fro  on  its  rollers,  as 
is  fufficient  for  the  adjultment  of  the  lens.  He  who  obferves 
with  the  micrometer  microfcope,.  having,  brought  the  zero  of 
the  micrometer  head  to  its-  dart,  as  fhewn  in  the  horizontal 
fedion,  and  alfo  the  revolution  zero  to  its  dart,  as  reprefented 
in  the  elevation,  takes  care,,  when  the  rod  has  acquired  the 
freezing  temperature,  that  the  micrometer  wire  bifeds  the  in- 
terfedion  wires  of  its  proper  mark.  This  he  effeds  by  work- 
ing with  the  milled-headed  fcrew,  reprefented  in  the  plan  and 
elevation  of  that  mark,  whereby  the  mark  itfelf  is  moved 
until  the  bifedion  is  accurate ; and  during  the  whole  of  this 
time,  the  drft  obferver  mud:  be  extremely  attentive  to  keep  his 
lens  adjuded. 

One  affiifant  at  lead:  is  neceffary,  who  takes  his  ffation  on 
the  oppodte  fide  of  the  pyrometer,  to  obferve  the  levels,  and 
keep  them  adjufted,  b-y  means  of  the  double  hook  applied  near 
the  middle  of  the  boiler,  and  reprefented  in  the  fedion  on  the 
line  TU,  at  the  lowermod:  right-hand  angle  of  the  plate. 

The  pyrometer  having  been  adjuded  in  the  manner  here  de- 
feribed,  by  giving  fufficient  time  for  the  ffandard  prifms  and 

rod 
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irod  to  contract  to  the  true  freezing  temperature,,  as  was  eafily 
known  by  the  wires  becoming  perfedtly  fixed  and  ftationary 
with  regard  to  the  marks  ; the  ice  was  then  removed  from  the 
copper  trough  ; and  the  fame  being  filed  with  water  nearly  on 
the  boil,  the  ebullition  was  completed,  and  kept  up,  by  means,* 
©f  the  lamps  now  lighted  for  the  purpofe,  and  flipped  in 
underneath. 

The  expanfion,  anfwermg  to  the  1 8 o°  bet  ween  freezing  and 
boiling,  was  now  meafured  by  working  with  the  micrometer 
fcrew  until  the  bifedlion  * of  its  wire  with  thofe  of  the  mark 
was  again  complete  ; the  obferver  at  the  fixed  microfcope  taking 
alfo  efpecial  care  all  the  while  to  keep  his  bifedlion  perfectly 
accurate.,  The  number  of  revolutions,  regiftered  by  the  num- 
ber of  entire  divifrons  that  the  zero  of  the  circular  fcale  had 
departed  from  its  dart  or  index,  and  alfo  the  value  of  any  frac- 
tional revolution,  regiftered  by  the  divifions  on  the  head  in- 
tercepted between  zero  and  its  proper  dart,  were  then  noted,  a& 
exprefled  in  the  firfi:  column  of  the  fubjoined  table  p f experi- 
ments which  requires  no  other  explanation  than  what  is 
therein  inferred,  and  which  has  been  extended  purpofely  to 
fhew  at  one  view,  from  infpedlion  only,  how  much  the  length 
of  our  bafe  would  have  been  a fie  died,  if  meafured  by  thefe 
metals  refpectrvely,  in  temperatures  between  320  and  6z°. 

All  the  experiments  were  repeated  at  leafl  twice,  and  feme 
©£  them,  three  times,  except  the  ftandard  fcale  and  glafs  pen- 

* This  bife&iaa  of  the  wires  may  always  be  made  to  a great  degree  of  preci- 
sion, by  one  with  a tolerably  good  eye,  and  aocuftomed  to  obfervatiens  of  thisfortv 
I have  myfelf  repeatedly  adjufted  the  wires  eight  or  ten  times  running,  allowing 
another  perfon  to  read  off  and  unadjuft  each  time,  without  the  mean  difference 
exceeding  -one-fourth  of  a divifion  *of  the,  head,,,  which,  is  only  part,  of  an 

inch,  ' N 
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dulum  rod,  -whole  expanlions  were  only  tried  once.  The  diT 
ference  of  a few  divifons  between  the  mean  and  extremes  on 
the  heat  of  i8o°  being,  in  things  of  this  fort,  of  no  importance, 
it  was  judged  wholly  umiecelfary  to  aim  at  a greater  degree  of 
precili on  in  repeating  them  oftener.  By  referring  to  the  table, 
particularly  that  column  containing  the  expanfions  on  one  foot 
by  i8o°,  it  will  be  perceived,  that  they  are  uniformly  a fmall 
matter  lefs  than  what  has  been  afligned  to  the  fame  metals 
refpecUvely,  in  the  experiments  formerly  alluded  to. 


Ultimate  determination  of  the  length  of  the  Bafe  on  Hounflow- 

*'  Heath-. 

In  the  former  part  of  this  paper,  we  have  had  occafjon 
to  fpeak  of  the  feven  firft  columns  of  the  general  table 
of  the  bafe;  and  the  titles  at  the  tops  of  the  others  re- 
fpe&ively  ferve  fufficiently  to  explain  thofe  towards  the  right- 
hand  ; the  expanlion  of  glafs  above,  and  its  contraction  below 
62°,  contained  in  the  eleventh  and  twelfth  columns,  being 
deduced  from  the  recent  experiments  with  the  pyrometer. 

Vj  Feet. 

The  hypothenufal  length  of  the  bafe,  as  mea- 
fured  by  1369.925521  glafs  rods  of  twenty  feet 
each  +4.31  feet,  being  the  diftance  between  the 
laft  rod  and  the  center  of  the  north-weft  pipe,  has 
been  (hewn  to  be  - - - 27402.8204 

The  reduction  contained  in  the  feventh  column 
of  the  general  table  to  be  deducted  is  ; . 0.0714 

Hence  the  apparent  length  of  the  bafe,  reduced 
to  the  level,  of  the  fouth-eaft extremity,  becomes’-  27402.7490' 

Tire 
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The  apparent  length  is  to  be  augmented  by  the 
excels  of  the  expanlion  above  the  contraction  of 
the  glafs  rods,,  contained  in  the  thirteenth  column 
of  the  general,  table  -4.1867  inches,  reduced  to 
the  heat  of  6.2°,  as  has  been  ufually  done-in  former 
operations  of  this  nature 

The  apparent  length  is  farther  to  be  augmented 
by  the  equation  for  6°  difference  of  temperature  of 
the  ftandard  brafs  fcale  between  62°  and  68%  this 
Taft  being  the  heat  in  which  the  lengths  of  the 
glafs  rods  were  laid  off  — 20.3352  inches,  as  de- 
duced from  the  experiments  with  the  pyrometer. 
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Feet,. 


I-6946 


Hence  we  have  the  correCf  length  of  the  bafe  in 
the  temperature  of  62°  reduced  to  the  level  of  the 
low.ermoft  extremity  near  Hampton  Poor-houfe,  27404,7925 
This  laft  length  requires  yet  a fmall  reduCHon 
for  the  height  of  this  lowermoff  end  above  the 
iman  level  of  the  fea,  luppofed  to  be  fifty-four' 
feet,  or  nine  fathoms,  . n 


Hence  the  true  or  ultimate  length  of  the  bafe, 
reduced  to  the  level  of  the  fea,  and  making  a por- 
tion of  the  mean  circumference  of  the  earth,, 
becomes 


27404.7219 


As  fome  fmall  degree  of  uncertainty  remains  with  regard  to 
this-  laft  reduction,  it  may  not  be  improper  to  fay  yet  a few 
words  on  the  principles  that  have  been  adhered  to  in  making 
the  computation.  It  will  be  remembered,  that  the  meafure- 
ment  was  made.  3|  feet  above  the  furface  of  the  heath!  that 
being  the  height  of  the. hands  whereon  the  rods  were  placed  5: 


and. 
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and  that  the  telefcopic  fpirit  level  gave  a defcent  of  36.1  feet 
from  the  lower  molt  pipe  to  the  furface  of  fummer  water  in  the 
Thames  at  Hampton.  The  accurate  feclion  of  the  river  lately 
published,  gives  a fall  of  13-33  feet  from  Hampton  to  the  level 
of  low  water  fpring  tides  at  Ifleworth.  Now  thefe  three  being 
added  together,  we  have  nearly  fifty-three  feet  for  the  height 
of  the  bafe  above  Ifleworth.  Having  had  no  immediate  means 
of  determining  what  real  difference  there  may  be  between  Ifle- 
worth and  low  water  fpring  tides  at  the  mouth  of  the  Thames 
(for  inftance  at  the  Hope  or  the  Nore),  ! have  fuppofed  that 
fall  to  be  about  feven  feet,  fo  as  to  make  the  total  defcent  flxty 
feet.  Now,  fuppofing  the  fpring  tides  at  the  Nore  to  rife  eigh- 
teen feet,  if,  according  to  M.  de  la  Lance’s  method,  we  de- 
duct one- third  of  eighteen,  viz.  fix  feet  from  flxty,  we  fliall  have 
•fifty- four  feet,  or  nine  fathoms,  that  the  mean  furface  of  the  fea  is 
below  the  meafured  bafe.  Whether  this  conclufion  be  perfedlly 
accurate  or  not  is  of  no  moment,  fmee  a whole  fathom  of 
difference  (and  I apprehend  we  are  not  farther  from  the  truth) 
does  not  vary  the  reduction  quite  one-tenth  of  an  inch.  The 
reduced  bafe  has  therefore  been  found  by  the  following  ana- 
logy : as  the  mean  femi-diameter  of  the  earth  (fuppofed  here 
to  be  3492915  fathoms)  augmented  by  nine  fathoms,  is  to  the 
mean  femi- diameter,  fo  is  the  meafured  bafe  27404.7925  to  the 
reduced  bafe  27404.7219  at  the  level  of  the  fea.  It  will 
doubtlefs  be  allowed,  that  infinite  pains  have  been  taken  in  the 
field  and  otherwife,  throughout  the  whole  of  this  operation,  to 
obtain  a jufi:  conclufion  ; but  as  the  mold  accurate  meafurement 
imaginable  is  {fill  more  liable  to  err  in  excefs  than  in  defeff,  we 
will  throw  away  fome  nfelefs  decimals,  and  eftablifh  the  ulti- 
mate length  of  the  bafe  at  27404  feet  and  feven-tenths. 
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Gpeiaihonfre  tL'Re^uaioifoT'thf  re!flve  heights  ’of  the  Stations  above  the  fowh-eaft  extremity  near  Hampton 
Pool -home,  the  Reduction  of  the  Hypothenufes,  and  the  Correftion  for  the  Temperature  of  the  Glafs  Rods - 
whence  the  true  length  is  obtained  m the  heat  of  6a°  ■ F ^oas  ’ 
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At  vO 


1 eet. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1 

12 

r4 

*6 

1 8 
19 
2.0: 
21 
22 

23 

24 

25 

26 


27 

28 

29 

3° 

31 

32 

33 

34 

35 
3^ 

37 

38 

39 

40 

41 

42 

43 

44 

45 
49 

400  ft, 


3 


4 


Relative  heights. 


Afcent.  Defcent, 


Feet. 

0,07 

1.855 

2-745 

2.92 

0.76 

r,57 

2.91 

0*65 


0.53 


0.42 

0.28 

4 16 

0.-19 

1.87 

°*73 
°*39 
°-9  5 

0.49 
2. -i  1 


0.245 

1.21 

0.14 


1.2  I 

I.4°5 

2.34 

o-47 

0- 525- 

1.265 

1.18 

1- 565 

1,485 
0.24 
1 ►26- 


Feet. 


i-855 


Total  afcent. 


Hypoth.  Sections. 


0.68 


0.04 
1. 18 


0.94 

1.63 

0.44 


0.71 

0.165 

0.12 

0.14 


1.085 


0.19 


40.44  1 9* 1 75- 


Feet. 

0.07 

I<925 

0.07 

2.815 

5-735 

6.495 

8.065 

10.975 

IO-2Q5 

IO.945 

IO.QOC 

9-725 
1 °-555 

9.615 
10.035 
8.405 
8.685 
12.845 
1 2.405 

12.59S 

1-4-465 
'S-WS 
R5  585 
*6*535 
17.025 
1 9*135 

18.425 

18.67 

19.88 

i9*7J5 

*9-855 

*9  735 

I9-595 

20.805 

22  21 

24- 55 
23-465 
23*935 

24.46 

25- 725 

26.905 
26.7  15 
28.28 
29.765 
30.005 
3 1 *265 


Reduction 
of  the  hypo- 
themifes. 


Feet. 


*°-555 


* 


12.130 


4.265 


3i-26s 


Feet. 

0.00001-2 

O.OO2875 
O.OO2875 
0.005288 
O 007114 
0.000489 
*0.000825 
0.007065 
0.000393 
0.000360 
0.000009 
0.001 168 
0.000581 

0.000745 
0.000191 
0,002222 
o 000073 
o.o 1 4439 

0.000169 
o 000036 
0.002922 
0.000452 
0.000135 
0.000760 
0-000208 

*0.00  0063 


O.OOO2I4 
O.OOOO57 
0.001228 
0.000028 
O.OOOO24 
0 000019 
O.COOO24 
0.001228 
O.OO1653 
O.OO4571 
O.OOO985 
O.OOOI92 
O.OOO238 
0,001341 
0.001  168 
0.000026 

1 J 

0.002049 

0.001845 

0.000055 

0.00.1973 


0.07 1401 


Number 
of  rods, 
twenty 
feet  each. 


29  + 
.925521 

3° 

30 
3° 
5° 
30 
30 

30 

3° 

3° 

30 

3° 

3° 


30 

3° 

30 

3° 

30 

30 

30 

30 


3° 

3° 

30 

30 


3° 

30 

3° 

3° 

30 

30 

3° 

3° 

30 

3° 

3° 

30 

3° 

3° 

3° 

3° 

3° 

3° 

30 

20 


1369  + 
.925521 


10 


Temperature. 


Obferved 
mean  of 
60  therm. 


7i  4 

So  7 

80.6 

74.0 
62  6 

58.7 

60.5 

6 3-3 

64.1 

66.6 

70.4 
69  9 

62.7 

60.7 

63- 2 

69.0 

71.1 

68.6 

63*5 

59-2 

56- 2 

57- o 

64.1 

64- 3 

62.5 

71. X 

7°-5 

63-3 

59-2 

66.2 

73-8 

77.6 

73  7 
68  8 

65.3 

65- 5 
61  5 

59-4 
55  6 
55-i 

56.1 

5.8-4 

58.2 

57-3 

60.8 

65-3 


Excefs 
or  defeat 
from  62°. 


+ 9*4 
+ 18.7 

+ 18.6 
+ 12.0 
+ 0.6 

“ 3-3 
- i*5 

l-3 

2.1 

4.6 
8.4 

7-9 


+ 

+ 

+ 

+ 

+ 

+ 0.7 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


2-3 

1.2 

7.0 

9.1 
6.6 
i-5 
2.8 
5-8 
50 

2.1 

23 

o-5 

9-1 


+ 8.5 

+ i*3 

- 2.8 
+ 4.2 
+ 11. 8 
+ j5-6 
+ n-7 
+ 6.8 

+ S-8 
+ 3-5 

- 0 5 

- 2.6 

- 6.4 

- 6.9 

- 5-9 

- 3-6 

- 3-8 

- 47 

- 1.2 

+ 3-3 


1 1 


12 


>3 


Corre£tion  for  temperature. 


Expansion 
above  62° 
+ appc.  leng. 


Inches. 

+ 0.2909 

+ 0.5801 
+ 0.5770 
+ 0.3722 
+-0.0186 


+ 0.0403 
+ 0.0651 
+ 0. 1427 
+ 0.2606 
+ 0.245 1 
+ 0.021  7 


-+0.0372 
+ 0.2171 
+ 0.2823 
+ 0.2047 
+ 0.0465 


+ 0.06  5 1 
+ 0.0713 
+ 0.0155 
+ 0.2823 


n 

O/ 


+-0.26 
+ 0.0403 

+ 0.1303 
+ 0.3660 

+ 0.4839 
+ o 3629 
+ 0.2109 
+ 0.1179 

+ 0.1086 


Contrail, 

below  62° 

— appt.  leng 


Inches. 


— 0,1024 

— 0.0465 


-0.0403 


-0.0869 

■0.1799 

0.1551 


— 0.0869 


+ 0.0682 


+ 5.9890 


■ °*o  1 5 5 

■ 0.0807 
•0.1985 
■0.2140 
•o.  1830 

■ O.  I I I 7 
■0.1 179 
•0.1458 
■0.0372 


Difference. 


Inches. 


H 


Correct  length 
of  the  bafe. 


Feet. 


.8023  +4.1867 


Hypothenufal  length  of  the  bafe  containing  1369.925521  glafs  rods  of  twenty  feet  each  +4.31  feet, 
Reduction  contained  in  the  feventh  column  to  be  fubtra&ed. 


Total  apparent  length  of  the  bafe  reduced  to  the  level  of  the  fouth-eafl  extremity,  - 

Add  to  the  apparent  length  the  difference  between  the  expanflon  of  glafs  above,  and  the  contraftion  of  it  below  62°,  1 
contained  in  the  thirteenth  column  = 4. 1867  inches  ==  - - - - - - . J + 

Add  further  to  the  apparent  length  the  equation  for  6J  difference  of  temperature  of  the  dandard  brafs  fcale  between  62°  and  [ 
684  the  heat  in  which  the  glafs  rods  were  laid  offm  20. 3352  inches,  = - - - ] + 

Correft  length  of  the  bafe  in  the  temperature  of  62%  reduced  to  the  level  of  the  lower  moll  extremity, 
l Reduction  for  the  height  of  the  lower  end  of  the  bafe  above  the  mean  level  of  the  fea,  fuppofedto  be  54  feet  or  9 fat;. 

[True  length  of  the  bafe  reduced  to  the  mean  level  of  the  fea,  _ - 


oms  — — 


27402.8204 

0.0714 


2740+7490 

0.2 


0489 


1.6946 


27404.7925 

0.0706 


27404.72.19 
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8o  a. 


ieter  in  April  1 

78L 

i 

anfion  is 

i 

Bales  of  27400  feet  of  thefe  metals 

Defcription  of  the  Metal 

would 

expand. 

. 

| 600  feet. 

1 000  ft 

By  i°. 

By  io°. 

By  200. 

By  gc°. 

In. 

In. 

In. 

In. 

In, 

In. 

andard  brafs 
fcale. 

Suppofed  to  W 
42.187  inches, 
inch ; thicknefs  > 

0.07422 

3-3S938 

10-l-oz.  Its  exj 
revolutions  of  tj 

0.1237 

33-8938 

67.7876 

101.6814 

on  five  feet  wou 

iglifh  plate 
rals,  in  form  < 
f a rod. 

- Length  five  f| 
nefs  0.15  inchl 
Difficult  from  it 

0.07572 

0.1262 

3-45788 

34-5788 

69.1576 

lo3-7364 

iglilh  plate 

c warping, 

r Length  five  fi 

rals,  in  form  < 
f a trough. 

inch  ; weight  8 1 
L ftraight, 

0.07578 

0.1262 

V/ 

3.46062 

34.6062 

69. 2124 

103.8168 

" Length  five  fee 

teel  rod.  < 

0.3  inch;  weigh 
- very  fame  bar  w 

0.04578 

0.0763 

2.09062 

20.9062 

41.8124 

62.718! 

Caft  iron 

Length  five  j 

prifm. 

and  weight  1 x | 
L rod  with  the  fta 

0.04440 

0.0740 

2.02760 

20.2760 

40.552c 

60.8280 

3lafs  tube,  \ 

r Length  five 

, 

weight  1 lb.  1$ 
- pot  of  metal  wi: 

0.03102 

0.0517 

1.41658 

14.1658 

28*3316 

42.4974 

Length  40.44J 

meter  fix-tenths 

lid  glafs  rod. * 

2 02,  It  had  b<j 
clock.  Its  expa 
revolutions  of  i 

0.03234 

0.0539 

1.47686 

14.7686 

29-537  2 

44.3058 

„ on  five  feet  wou 

- 1 

Major-General  Roy’s  Account  of  the  Meafuremeni  of  a Bafe  on  Hounfiow-Heath. 
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Table  of  the  Expanfions  of  Metals,  deduced  from  experiments  made  with  the  Microfcopic  Pyrometer  in  April  1785.  j 


Revolutions  and 

Dsfcription  of  the  Metal  Rods  put  to  experiment. 

parts  of  the 
micrometer  for 
the  expanfion 

Actual  expanfion  in  parts  of  an 
inch  by  i8o°,  the  revolutions 
being  divided  by  42.06. 

By 

i°  of  Fahrenheit  the  expanfion  is 

Bafes  of 

27400  feet  of  tliefe  metals  j 
would  expand. 

on  five  feet. 

By  1 8o° 

By  i°. 

On  5 feet. 

On  1 foot. 

On  100  ft. 

On  r foot. 

10  feet. 

100  feet. 

400  feet. 

600  feet. 

1 000  ft. 

By  i°. 

J By  io°. 

By  20°. 

By  3c  . 

r Suppofed  to  be  Hamburgh  plate  brafs ; length  1 
42.187  inches,  or  3.568  feet;  breadth  0.55  j 
inch;  thicknefs  0.25  inch;  and  weight  1 lb.  { 
io£oz.  Its  expanfion  was  meafured  by  25.47  r 

Rev.Pts. 

Parts. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

tn. 

In. 

In. 

In. 

In. 

Standard  brafs  < 
i’cale. 

35*^9 

tn  8 3 
I 9*tos 

O.HI323 

0.0222646 

2.22646 

0.0001237 

0.001237 

0.01237 

0.04948 

0.07422 

0.1237 

3-38938 

33*8938 

67.7876 

101.6814 

Englifh  plate 
brals,  inform  < 
of  a rod.  ) 

revolutions  of  the  micrometer;  wherefore  that 
011  five  feet  would  have  been  meafured  by  - 
Length  five  feet;  breadth  0.9  inch;  thick-' 
nefs  0.15  inch;  and  weight  2 lbs.  5I  oz.  ! 
Difficult  from  its  thin  nefs  to  be  kept  free  from  J 

. 364i 

20.  TPs' 

0.113568 

0.0227136 

2.27136 

0.0001262 

0.001262 

0.01262 

0.05048 

0.07572 

0.1262 

3.45788 

34-5788 

69.1576 

*°3-7364 

.warping,  - J 

' Length  five  feet;  breadth  1.4  inch  ; depth  1 
inch  ; weight  8 lbs.  3 oz.  Perfectly  ftrongand  > 
- {Haight,  - - _ J 

3645 

20,-fbL 

0.113693 

0.0227386 

2.27386 

0.0001263 

0.001263 

0.01263 

0.05052 

0.07578 

0.1263 

3.46062 

34.6062 

69. 2 1 24 

103.8168 

Englifli  plate  | 
brafs,  in  form  j 
of  a trough. 

1 

Length  five  feet ; breadth  0.5  inch  ; thicknefs 

Steel  rod.  < 

0.3  inch  ; weight  2 lbs.  7I  oz.  Made  from  the  1 
- very  fame  bar  with  the  chain,  - - J 

22.02 

1 2<iVe 

0.0686S4 

o.ol37368 

i-37368 

0.0000763 

0.000763 

0.00763 

0.03052 

0.04578 

0.0763 

2.09062 

20.9062 

41.8124 

62.718c 

Caft  iron  , 
prifm. 

* Length  five  feet;  each  of  its  fides  if  inch  ; > 
and  weight  1 1 lbs.  9 oz  Cut  from  the  fame  > 
Lrod  with  the  ftandard  prifms  of  the  pyrometer,  J 

21.34 

1 I •TQ<5 

0.066563 

0.0133126 

1.33126 

0.0000740 

0.000740 

O.OO740 

0.02960 

0.04440 

0.0740 

2.02760 

20.2760 

40.552C 

60.8280 

r Length  five  feet ; Posths  inch  diameter ; 

Glafs  tube, 

| weight  1 lb.  13!  oz.  Drawn  from  the  fame  1 

4*93 

Q 29 

0*046569 

0.0093138 

°'93x38 

0,0000517 

0.000517 

0.00517 

0.02068 

0,03102 

0.0517 

1.41658 

14.1658 

28.4316 

42.4974  ' 

1 

1-pot  of  metal  with  the  meafuring rods,  - J 

f Length  40.44  inches,  or  3.37  feet ; mean  dia-  5 

meter  fix-tenths  of  an  inch  ; and  weight  1 lb.  1 

r 

Solid  glafs  rod. 

) 2 oz.  It  had  been  applied  for  feveral  years  to  a 1 
clock.  Its  expanfion  was  meafured  bv  10.46  | 

15-5.4 

Q S3 
O-ToTr 

0.048472 

0.0096944 

0.96944 

0.0000539 

0,000539 

0.00539 

0.02156 

0.03234 

0.0539 

1.47686 

14.7686 

29-5372 

44-305& 

revolutions  of  the  micrometer  ; wherefore  that  | 

} 

fon  five  feet  would  have  been  meafured  by  - J 

j 
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XXV.  AbjlraB  of  a Regift  er  of  the  Barometer,  thermometer,  and 
Rain , Lyndon,  & Rutland,  1784.  By  Thomas  Barker, 

Efq.  Aifo  of  the  Rain  at  South  Lambeth,  Surrey  ; and  at 
Selbourn  and  Fyfield,  Hampfhire.  Communicated  by  Thomas 
White,  Efq.  F.R.S. 


Read  June  16,  1785. 


Barometer. 

Thermometer. 

I Rain. 

In  the  Houfe. 

Abroad. 

S.Lam- 

I Sel- 

Lyndon 

beth, 

bourn, 

ciisdielt  Lowcft 

1 

Mean. 

High. 

Low. 

Mean 

High 

Low. 

Mean 

Surrey. 

Hants. 

’ 

Inches. 

Inches. 

Inches. 

0 

O 

° 

° 

O 

O 

Inch. 

Inch. 

Inch. 

Jan. 

Morn. 

Aftern, 

29,96 

28,49 

29,34 

4?  2 
42 1 

28 

2Q 

33l 

34 

40 

48I 

I5J 

242 

27 

32-I 

|-  1,877 

2,54 

3,18 

Feb. 

Morn 

Aftern 

3°, 00 

28,50 

29,23 

47 

471 

30 

31 

36 

37 

45 

52j 

9 

23 

29 

36 

i,225 

L49 

0,77 

Mar. 

Morn. 

Aftern. 

29,63 

28,59 

29,23 

47i 

48f 

36 

36 

39l 
4°  2 

45 

52 

21 

33i 

32l 
4°  7 

1,096 

2,63 

3,82 

Apr. 

Morn. 

Aftern. 

29,74 

28,44 

29,26 

5of 

53 

35i 

36 

43l 

45 

5i 

6o| 

29 

35 

a8i 

48“ 

I5  74  1 

2,56 

3»92 

May 

Morn. 

oftern. 

29,92 

29, J7 

29,62 

66J 

692 

47 

48 

s74 

59s 

63 

78 

41 

48I 

5 2 
65  i 

2,890 

1 ,36 

i>52 

June 

Morn. 

Aftern. 

29,92 

28,98 

29,43 

62 

63J 

55J 

561 

S8 

59! 

61 1 

71 

48 

53 

54 

63J 

3,8lO 

3,45 

3’65 

July 

Morn. 

Aftern. 

29,85 

28,74 

29,48 

69 

72 

56 

57 

6l 

63 

66 

79l 

51 
57  2 

56 

67  1 

5,080 

2,26 

2,40 

Aug. 

Morn. 

Aftern. 

29,92 

29,04 

29,56 

65 

67 

54 

55 

59 

60 

60  j 
7T 

42i 

54 

52  j 

63 

2,814 

2,84 

3,88 

_ 

Sept. 

Morn. 

Aftern. 

29,90 

29,01 

29,55 

6o| 

71! 

53 

54 

61 

63 

57 

73i 

39 

51! 

52 

64 

1,740 

1,65 

2,5* 

061. 

Morn. 

Aftern. 

30,00 

28,98 

29,62 

522 

53l 

42 

43 

48  j 
49s 

45 

55i 

27I 

40 

39i 
49  : 

0,223 

0,83 

o,39 

Nov. 

|Dec. 

Morn. 

Aftern. 

Morn. 

Aftern. 

29,85 

29,75 

28,75 

28,15 

29,38 

29,26 

5i 

51 

43l 

43 

39i 

41 

31! 

32i 

45 

45l 

36J 

37a 

51-2 

53 

41 

46| 

2 32 

no  L 
002 

Ml 

19 

38 

44 

29 

32l 

2,376 

2,335 

.5,60 

4,70 

3,06 

Inches  27,207  27,21  33,80  24,56 


Fyfield.  | 


Inch. 

M4 

r,  7 
2,24 


2,10 


M7 

2,45 

2,80 

2,79 
2,  7 
0,17 

#4 

1,72 
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482  Mr.  Barker’s  Regifter  tif 

The  froft,  which  began  at  Chriftmas  laft  year,  continued, 
except  a few  thawing  days,  till  February  21,  and  was  very 
fevere,  and  with  frequent  ihow.  Some  thought  it  the  hardeft 
winter  fince  1740;  but  that  may  be  hard  to  determine.  Ja- 
nuary 1776  feems  to  have  been  rather  colder  than  this;  but 
the  froft  lafted  only  a month.  In  1780  the-  froft  was  not  out 
of  the  ground  for  nine  or  ten  weeks;  but  it  was  not  fo  fteady 
as  this.  It  was  certainly  one  of  the  mildeft  winters  before 
Chriftmas,  and  one  of  the  fevered  after  it ; yet  the  corn  and 
other  plants  did  not  fuffer  fo  much  as  might  be" feared.  After 
the  froft  there  was  fome  warm,  windy,  (bowery  weather ; but 
moft  part  of  March  was  frofty  mornings,  and  was  often  fo  in 
the  fhade  all  day ; and  at  the  latter  end  ftrong  cold  winds, 
with  fhow  and  perfedt  winter ; and  it  did  not  much  mend  till 
near  the  middle  of  April. 

While  in  January  and  February  moft  parts  of  Europe  had 
fevere  froft,  the  fouthern  parts  of  it  feern  to  have  had  great 
ftorms  and  floods ; and,  at  the  breaking  of  the  froft,  the  flat 
countries  by  the  tides  of  the  great  rivers  of  Europe  fuffered 
much  by  floods  and  ice. 

The  latter  half  of  April  the  weather  mended,  and  things 
came  on  gradually,  yet  with  frequent  frofty  mornings  till  the 
firft  week  in  May;  then,  for  three  weeks,  one  of  the  fineft 
and  hotteft  Mays  ever  known  ; every  thing  before  was  exceed- 
ing backward,  but  now  came  on  at  a vaft  rate  ; the  grafs  and 
leaves  were  remarkably  green,  a great  bloffom  year,  and  plenty 
of  fruit.  This  hot  weather  brought  up  thunder,  which  turned 
the  weather  wet  near  the  end  of  May,  and  it  was  wet  or 
ihowery  and  cool  all  June;  this  brought  on  the  corn  again, 
which  was  made  rather  thin  by  fo  much  heat  too  early.  Near 
ihe  firft  two  thirds  of  July  was  again  fine  and  hot,  and  being 

in 


: the  Weather  at  Lyndon  in  Rutland,  &c.  483 

in  the  height  of  hay  time,  a good  deal  of  it  was  well  made  ; 
but  fome  of  the  firft  cut,  and  the  latter  was  caught  in  the  wet  % 
for  after  the  19th  it  was  ftiowery  or  wet,  and  the  30th  and 
31ft  were,  all  over  Leicefterfhire,  Rutland,  and  part  of  Lin- 
colnshire, the.greateft  flood  fince  July  1736  ; and  it  continued 
wet  and  cool  all  Auguft,  fo  that  the  fummer  was  in  general 
cold,  wet,  and  backward,  yet  with  fome  very  fine  fits  in  it. 
The  harveft  began  but  indifferently ; but  being  late  this  year* 
and  the  weather  wet,  not  much  was  carried  before  September, 
when,  in  about  three  weeks  calm,  hot,  and  dry  weather,  yet 
with  vaft  dews,  moft  of  the  white  corn  was  well  got  in  this 
country  \ but  fome  of  the  peafe,  and,  where  it  was  earlier  and 
later,  fome  of  the  white  corn  was  carried  damp,  for  the  end 
of  September  was  again  wet. 

The  autumn  was  various ; a dry  and  fine  O&ober,  toward  the 
end  of  it  {harp  frofty  mornings ; a fhowery  November,,  with  a 
lharp  froft  in  the  middle,  fe t often  pleafant ; and  after  Decem- 
ber 5th,  a confiderable  fnow  (in  fome  countries  it  was  very 
great)  and  a feverer  froft  than  is  ufual  before  Chriftmas  lafted 
till  into  January. 


S f I * 


[ 485  ] 


PRESENTS 

MADE  TO  THE 

ROYAL  SOCIETY 


FromAuguft  1784  to  June  17 85  ; 

wit  h 

The  NAME.  S of  the  B O NOR  S. 


1784* 

Aug.  12. 


Nov.  4. 


Frefents. 


Donors*. 


Oeuvres  de  Charles  Bonnet.  Tom.  VI.  VII. 

VIII  Neufchatel.  1782,  1783.  40 

ElTay  II.  on  the  Nature  and  Principles  of 
Public  Credit.  St.  Auguftine,  Eaft 
Florida.  1784.  fy. 

Defcription  geometrique  de  la  France.  Par 
M.  Caffini  de  Thury..  Paris.  1783.  40 
Rapport  des  Commillaires  charges  par  le 
Roi  de  1’  examen  du  Magnetifme  Ani- 
mal. Paris.  1784.  4° 

Tableau  methodique  des'  Min£raux.  Par 
M.  Daubenton.  Paris.  1784.  8° 

Lettre  fur  les  Experiences  des  Fridions 
glaciales  pour  la  guerifon  de  la  Pefte. 
Par  M.  D.  Samoi'lowitz.  Paris.  1781. 

T > 8° 
Lettre  a 1 Academie  de  Dijon  avec  reponle 

* ce  qui  a paru  douteux  dans  le  Me- 

moire  fur  l’Inoculation  de  la  Pefte,  Par 

M.  D.  Samoilowitz,  Paris,  1783,  .S® 
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12,° 

Die  beftimmung  der  Geftait  und  Grofie  der 
Erde  : vpn  F.  W.  Gerlach.  Wien.  1782. 

8® 

The  original  Aftrononlical  Obfervations 
made  in  the  courfe  of  a Voyage  to  the 
Northern  Pacific  Ocean,  by  Capt.  James 
Cook,  Lieut.  James  King,  and  Mr. 
William  Bayly.  London.  1782.  40 

Annals  of  Agriculture.  By  Arthur  Young, 
Efq.  London.  1784.  8° 

A Treatife  on  the  Difeafes  of  Children. 
By  Michael  Underwood,  M.  D.  Lon- 
don. 1784.  12° 

Dell’  Architettura  Dialogi:  di  Ermene- 
gildo  Pini.  Milano.  1770.  40 

Ofiervazioni  mineralogiche  fu  la  Miniera  di 
Ferro  dell’  Ifola  d’Elba : di  E.  Pini. 
Milano.  1 77 7.  8° 

Memoire  fur  des  nouvelles  Criftallifations 
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Hermenegildi  Pini  de  Venarum  metallica- 
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The  Author, 

The  Author, 

The  Corhmiffioners  of  Lon  < 
gitude. 

1 . 

The  Author. 

The  Author, 

The  Author. 

The  Author, 

The  Author. 

The  Author, 


1779,  1780.  4° 

Memoria  mineralogica  fulla  Montagna  e fut 
contorni  di  S.  Gottardo:  di  E.  Pini. 
Milano.  1783.  8° 
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M.  de  Fourcroy.  Paris.  1784.  8° 

Obfervations  fur  la  Cure  de  la  Gonorrhee. 
Trad,  de  l’Anglois  de  M.  S,F.  Simmonsj 


The  Author. 


The  Author. 


y The  Author. 

The  Author. 
The  Tranilator. 


3 


Pfefent^ 


1 *°7  4 


17840 


Prefents. 


par  Gabriel  Mafuyer.  Montpellier. 

1783.  8° 
Nov.  n.  Medical  Communications.  Vol.  I.  London. 

1784.  8° 
18.  Obfervations  on  the  late  Contefts  in  the 

Royal  Society.  By  Andrew  Kippi.s, 
D.  D.  London.  1784.  8a 

Dec.  9.  An  EBay  on  the  Ufe  of  the  Red  Peruvian 
Bark.  By  Edward  Rigby.  London. 
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• ’v  An  EBay  on  the  uterine  Hemorrhage 

which  precedes  the  Delivery  of  the  full- 
grown  Fcetus.  By  E.  Rigby.  Lond. 

1784.  8° 
■ ■■  An  Aftronomical  MS.  in  the  Perlic  Lan- 
guage. 

16.  Defcription  des  Projets  et  de  la  Conflruc- 
tion  des  Posts,  &c.  Par  M.  Perronet. 
Tom.  I.  II.  Paris.  1782,  1783.  fol. 

1 11  Defcription  of  a Method  of  taking  the 
Differences  of  Right  Afcenlion  and  De- 
clination with  the  Reticule  Rhomboide 
of  Dr.  Bradley.  By  H.  E.  Bath.  40 
— — — * An  Enquiry  into  the  various  Theories  and 
Methods  of  Cure  in  Apoplexies  and  Pal- 
lies.  By  B.  Chandler,  M.  D.  Canter- 
bury. 1785.  8° 

23.  A meteorological  Journal  kept  at  Fort 
William,  Calcutta.  MS.  fol. 
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20.  The  London  Medical  Journal.  Vol.  V. 
London.  1785.  8° 
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jo.  An  Account  of  the  Mufical  Performances 
in  Commemoration  of  Handel.  By  C. 
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Feb.  24.  An  Inquiry  how  to  prevent  the  Small-Pox, 
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Decouvertes  Phyfiologiques  (tranflated 
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Reports  of  the  Commiffioners  appointed  to 
examine,  take,  and  Hate  the  Public  Ac- 
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H.  M.  Marcard  Befchreibung  vonPyrmont. 

I.  Band  Leipzig.  1784.  8° 
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Jacobi  Dickfon  Fafciculus  Plantarum  cryp- 
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TO  THE 

SEVENTY-FIFTH  VOLUME 

OF  THE 

PHILOSOPHICAL  TRANSACTIONS. 

A. 

C T INF  A.  See  Barbadoes » 

Air , Experiments  on,  by  Henry  Cavendifh,  Efq.  p.  372.  The  diminution  of  the 
air  by  the  eledlric  fpark  depends  upon  the  converfion  of  phlogifticated  air  into  nitrous 
acid,  ibid.  Defcription  of  the  apparatus  made  ufe  of  (tab.  XV.),  ibid.  Fig.  1,2, 
and  3.  explained,  p.  373.  Method  of  forcing  the  ele&ric  fpark  through  the  tube, 
p.  374.  Experiments,  when  the  ele&ric  fpark  was  pafled  through  common  air, 
included  between  ihort  columns  of  a folution  of  litmus,  ibid.  When  lime-water  was 
ufed  inftead  of  the  folution  of  litmus,  ibid.  With  impure  depblogifticated  air,  p. 
375.  Obfervations  on  the  refults  of  thofe  experiments,  ibid.  When  airwas  confined 
byfoap-lees,  375 — 377.  Experiments  to  determine  what  degree  of  purity  the  air  fhould 
be  of,  in  order  to  be  diminilhed  the  moll  readily,  and  to  the  greateft  degree,  p.  376. 
Precipitation  of  a folution  of  filver  by  phlogifticated  nitre,  p.  377.  General  reafoning 
upon  all  the  expe  iments,  p.  378 — 380.  Method  of  preparing  the  foap-lees,  and 
dephlogifticated  air,  ufed  in  thefe  experiments,  p.  380.  Quantities  of  each  ufed  therein, 
p.  381.  Experiment  to  determine  whether  all  the  phlogifticated  air  of  the  atmofphere 
is  of  the  fame  nature,  p.  381-— 382.  See  PblogiJUcated  Air.  Another  caufe  of  the 
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diminution  of  air  by  the  eledtric  fpark,  p.  582 — 384.  No  phlogifton  communicated 
by  the  eleftric  fpark,  p.  384. 

Ak  and  Water,  Experiments  and  obfervations  relating  to,  by  the  rev.  Jofeph  Prieftley,. 
LL.D.  p.  279.  Opinions  of  Mr.  Cavendifh,  Mr.  Watt,  and  M.  Lavoifier,  con- 
cerning decompofed  air,  p.  280.  The  author’s  opinion  of  inflammable  air,  and 
fixed  air,  both  which  had  been  firft  advanced  by  Mr.  Kirwan,  ibid.  Experiment  to 

pi  . * . 

afcertain  whether  any  water  is  produced  when  the  air  is  made  to  difappear,  p.  281. 
Other  experiments  of  the  fame  kind,  p.282.  A peculiar  circumftance  attending  the 
melting  of  call  iron  with  a burning  lens,  p.  283.  Refult  of  melting  caff  iron  in  the 
bottom  of  a deep  glafs  receiver,  p.  284.  Mr.  Watt’s  conclufion  thereon,  ibid.  A 
new  and  unexpected  appearance  which  occurred  in  endeavouring  to  revive  the  calx  of 
iron,  or  a calx  faturated  with  pure  air,  ibid.  Experiments  to  determine  whether 
fixed  air  or  water  would  be  the  produce  of  combining  inflammable  and  dephlogifti- 
cated  air^p.  285 — -287.  Obfervation  thereon,  p.  287.  Refults  of  other  experi- 
ments with  the  calx  of  copper,  and  precipitate,  perfe , in  inflammable  air,  p.  288. 
Refle&ion  on  the  relation  of  water  to  inflammable  air,  and  efpecially  Mr.  Cavendifh’s 
ideas  on  the  fubjeft,  ibid.  The  powerful  attraction  that  charcoal  or  iron  appear  to 
have  for  water,  when  they  are  intenfely  hot,  p.  289,.  Experiment  to  afcertain  the 
influence  of  unperceived  moiflure  in  the  proau&Ion  of  inflammable  air,  ibid.  M. 
Lavoifier’s  method  of  obtaining  inflammable  air  with  an  hot  iron  tube  and  an  hot 
copper  tube,  p.  29a.  Refult  of  experiments  made  with  charcoal,  p.  291 — 296* 
And  of  others  made  with  iron,  p.  297.  Obfervations  thereon,  p.  298.  See  Bal- 
loons. Experiment  to  afcertain  the  quantity  of  inflammable  air  which  may  be 
obtained  from  any  given  quantity  of  iron,  p.  29S.  The  fuppofition  that  water  confifta 
of  two  kinds  of  air  endeavoured  to  be  explained,,  p.  299.  Procefs  of  that  invefliga- 
tion,  p.  300.  Theory  of  that  procefs,  p„  301.  Artalogy  between  the  experiment 
of  the  calx  of  iron  imbibing  inflammable  air,  and  the  iron  itfelf  imbibing  dephlo- 
gifticated  air,  p.  302.  Experiments  to  prove  that  phlogiflon  is  a real  fubflance  capable 
of  afluming  the  form  of  air  by  means  of  water  and  heat,  p.  303.  Caft  iron 
annealed  remarkably  different  from  that  which  has  not  undergone  that  operation,  p. 
304.  Experiment  wdth  precipitate  per  fe,  ibid.  Effects  of  heating  iron  in  all  the 
different  kinds  of  air,  p.305.  And  of  tranfmitting  fleam  through  a copper  tube, 
to  try  the  effects  of  fpirit  of  wine,  ibid.  Charcoal  of  metals  explained,  p.  306,* 
General  inferences  from  the  principal  experiments,  ibid. 

Algol,  See  Variable  Star . Opinion  of  aftronomers  very  un  fettle  a concerning  the  change 
of  its  light,  p.  134. 

Anderfon , Mr.  James.  See  Morne  Garots. 

Animal  Flower.  See  Bariadoes. 

Animals,  preserved  in  fpirits,  not  fo  fit  for  anatomical  examination,  p.  340. 

Architecture , &c.  Sketches  and  defcriptions  of  three  fimple  inftruments  for  drawing 
architecture  and  machinery  in  perfpeffive,  by  Mr.  James  Peacock*  p.  366.  Direc- 
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dons  for  placing  the  machines,  &c.  ibid.  Defcription  of  the  drawing-board  (fig.  i. 
Sab.  XIII, ),  ibid.  Ufe  of  ditto,  p.  567.  Flow  to  draw  all  perpendicular  lines  at 
once,  ibid.  Defcription  of  the  compound  board  (fig.  2.  tab.  XIV.),  p.  368.  Ufe 
Of  ditto,  ibid.  The  T fquare,  its  ufefulnefs,  p.  369.  Defcription  of  the  vertical- 
board  (fig.  3.  tab.  XIV.),  p.  36S.  Ufe  of  ditto,  p.  370. 

Artificial  Spring,  account  of  one,  by  Erafmus  Darwin,  M.  D.  p.  1.  Oid  difufed  well 
near  the  dodor’s  houfe  in  Derbyffiire  deferibed,  p.  2.  St.  Alkmund’s  well,  its 
fituation*  ibid.  A new  fprjng  difeovered,  ibid.  Method  of  preventing  the 

mixture  of  the  old  water  with  the  new,  p.  3.  And  of  trying  the  height  of  the 
new  fpring,  ibid.  New  water  nearly  of  the  fame  properties  with  St.  Alkmund’s 
well,  p.  4.  See  Mountains . Increafe  in  quantity  and  quality,  ibid.  And  why,, 
p.  6. 

Afa  Fmida,  defcription  of  a plant  yielding  it,  in  a letter  from  John  Hope,  M.  D.  p. 
36.  General  defcription,  ibid— 38.  The  afa  feetida  plant  not  fetisfadorily  known 
till  Kaempfer  deferibed  it,  p.  36.  Letter  from  Dr.  Pallas  to  Dr.  Guthrie,  with  two 
of  the  plants,  ibid.  One  of  which  planted  in  the  Botanic  Garden  at  Edinburgh,  p. 
39.  The  juice  feems  to  be  of  the  feme  nature  with  the  officinal  afa  feetida,  ibid. 

Agronomical  Obfervations,  in  two  letters  from  M.  Francis  de  Zach,  Profeffor  of  Mathe- 
matics, and  Member  of  the  Royal  Academies  at  Marfeilles,  Dijon,  and  Lyons,  p. 
137.  Account  of  his  obfervations  of  an  eclipfe  of  the  moon,  made  with  Father  le 
Fevre,  Aftionomer  at  Lyons,  in  the  Obfervatory  called  au  grand  College,  ibid.  State 
of  the  iky  at  the  time  of  making  the  obfervation,  ibid.  Short  telefcopes  preferable 
to  long  ones  in  obferving  eclipfes  of  the  moon,  P.  138.  In  eclipfes  of 'the  moon  no 
greater  exadnefs  than  that  of  a minute  can  be  obtained,  ibid.  Agreement  between 
the  Imperial  Aftronomer,  1’Abbe  Hell’s  obfervations  of  the  moon’s  fpots  made  at 
Vienna,  with  thofe  made  by  M.  Meffier  at  Paris,  ibid.  Correfpondent  altitudes  of 
the  fun  taken  with  a quadrant  of  three-foot  radius,  in  order  to  adjuft  the  pendulum- 
clock  to  apparent  time,  p,  139-  Obfervations  of  the  moon’s  eclipfe  the  18th  of 
March,  1783,  p.  142.  Fajher  le  Fevre’s  obfervations  with  a reftedor  fifty-five  inches- 
focal  length,  p.  143.  Oblervations  of  Jupiter’s  fateliites  at  Marfeilles,  by  M.  Saint 
Jacques  de  Sylvabella,  p.  144.  Obfervation  of  the  tranfit  of  Mercury,  Nov.  12, 
1782,  at  Marfeilles,  by  the  fame,  p.  151.  and  by  M.  Wailot,  at  the  Royal  Obferva- 
tory  at  Paris,  ibid.  Important  remark  upon  the  diameter  of  Mercury,  p.  152. 

Averrboa  Carambola , an  account  of  the  fenfitive  quality,  in  a letter  from  Robert  Bruce, 
M.  D.  p.  356.  Is  a fpecies  of  fenfitive  plant,  ibid.  Is  differently  affeded  by  being 
touched  in  different  manners,  p.  346,  357.  Method  of  confining  the  motion  to  a 
fingle  leaf,  p.  357.  Effed  of  imprelfihg  it  by  pundure,  percuffion,  or  compreffion, 
ibid.  Ditto  on  flicking  a pin  into  .lie  univerfal  petiolus,  p.  358.  On  making  a 
compreffion  with  a pair  of  pincers  on  ditto,  ibid.  On  the  leaves  being  blown  again  ft  * 
each  other,  or  the  branches,  ibid.  Appearance  of  the  leaves  when  ihaded  from  any 
difturbing  caufe  in  the  day-time,  p.  359.  The  leaves  naturally  perform  a more 
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extenfive  motion  when  going  to  fleep  than  by  external  impreffions  in  the  day-time, 
ibid.  Effe&s  produced  on  a leaf  by  the  burning  lens,  ibid.  And  the  eledtrical 
fhock,  p.  360.  Two  other  fpecies  of  this  genus  mentioned  by  Linnseus,  ibid. 

1 

B 

Walloons,  the  cheapeft  method  of  filling  them  with  the  lighted  inflammable  air,  p.  297. 

Barbadoes , etfe&s  of  the  dreadful  hurricane  there  in  1780,  p.  334.  The  adfinia,  or  a 
fpecies  of  animal  flower,  then  found  in  confiderable  numbers  on  thatcoaft,  p.  355. 

Barker , rev..  Robert,  B.  D.  See  Stag’s  Head  and  Horns . 

Thomas,  Efq.  See  Barometer , &c. 

Barometer,  Thermometer , and  Rain,  Abftradt  of  a Regifter  of,  at  Lyndon,  in  Rutland,  in 
1784.  By  Thomas  Barker,  Efq.  Alfo  of  the  Rain  at  South  Lambeth,  Surrey  ; and 
at  Selbourn  and  Fyfield,  Hampfhire,  p.  481, 

Safe,  account  of  the  Meafurement  of  a bafe  on  Hounflow  Heath,  by  Major-general 
William  Roy,  p.  385.  Introdu&ion,  ibid. — 390.  The  author’s  acknowledgements  of  the 
affiftance  of  feveral  fcientific  gentlemen,  p.  389.  391.  417.  425.  Particularly  of  the 
worthy  Prefident  of  the  Royal  Society,  p.  425.  458.  Choice  of  the  bafe,  tab.  XVT, 
p.  390.  Firft  tracing  of  the  bafe,  and  clearing  of  the  ground,  tab.  XVI.  p.  391.  Sol- 
diers preferred  to  country  labourers,  and  why,  ibid.  A detachment  encamped  near 
Hanworth  Summer-houfe,  ibid.  Clearing  of  the  firft  fedfion  of  the  bafe,  p.  392. 
Tracing  of  the  fecond  and  third  fedtions,  p.  393.  Half  the  foldiers  quartered  in  the 
neighbouring  villages  to  clear  the  third  fedtion,  while  the  remainder  fmoothed  the 
fecond,  ibid.  Inftruments  made  ufe  of  in  the  firft  and  fecond  meafurements,  p.  394, 
Steel  chain,  tab.  XVII.  ibid.  ConftrucUon  of  the  chain,  ibid.  Alteration  of  the 
chain,  p.  395.  Deal  rods,  tab.  XVIII.  p.  397.  Different  opinions  concerning  the 
bed  method  of  applying  rods  in  meafurement,  p.  398.  Meafuring  rods  and  ftandard  rod 
deferibed,  p.  399.  Brafs  ftandard  fcale,  and  method  of  laying  off  the  lengths  of  the  deal 
rods,  p.  401.  Major-General  Roy’s  fcale  comparedwith  the  Society’s  ftandard,  p.  402. 
Manner  of  afeertaining  the  length  of  the  deal  rods  with  it,  p.  403—405.  Chefts  for 
holding  the  deal  rods  and  ftandards,  p.  405.  Stands  for  the  meafuring  rods,  tab. 
XVIII.  and  XIX.  p.  406.  Method  of  drawing  a line  through  the  air,  parallel  to  the 
common  furface  from  ftation  to  ftation,  in  equal  diftances  of  200  yards  or  600  feet, 
as  in  the  figure  at  the  top  of  tab.  XVIII.  p.  407.  Nature  of  the  moveable  ftands 
(towards  the  right-hand  in  tab.  XVIII.  and  XIX.)  explained,  p.  408.  Plans  of  the 
two  tables  (towards  the  right-hand  in  tab.  XVIII.)  explained,  ibid.  Plan  of  one  of 
the  fquare  tables  (towards  the  left-hand  of  tab.  XVlII.)  with  the  ends  upon  the  fecond 
and  third  rods  upon  it  in  contadf  explained,  p.  409.  Mr.  Smeaton’s  deal  platforms, 
handing  on  pickets  driven  into  the  ground,  and  properly  levelled  (tab.  XIX.) 
deferibed,  p.  410.  Boning  telefcope  and  rods,  tab.  XVIII.  p.  41 1.  Method  of 
Macing  the  line  of  200  yards,  &c.  from  one  fixed  hand  to  the  other,  ibid.  Boning 

telefcope 


I 


c +95  ] 

telefcope  defcribed,  ibid.  Boning  rods,  and  their  ufe,  defcribed,  p.412.  Cup  and 
tripod  for  preferving  the  point  upon  the  ground,  where  the  meafurement  was  difcon- 
tinued  at  night,  and  refumed  next  morning,  p.412.  Difference  between  meafuring 
with  a rod  of  twenty  feet,  and  with  rods  of  twenty  feet  three  inches,  p.  412.  Brafs 
cup  ufed  on  thefe  occafions  defcribed,  p.  413.  415.  Nature  of  the  tripod  (tab. 
XVIII.)  explained,  p.413.  Method  of  fufpending  the  plummet  from  any  part  of 
the  deal  rods  indifferently,  p,  414.  Wheels  for  terminating,  in  a permanent  manner, 
the  extremities  of  the  bafe,  tab.  XVIII.  ibid.  Mr.  Mylne’s  improved  machines  for 
certainly  referring  to  the  fame  point  on  anyoccafionof  correcting  or  repeating  the 
work  (reprefented  in  tab.  XVIII.),  p.413.  Rough  meafurement  of  the  bafe  with 
the  chain,  and  determination  of  the  relative  heights  of  the  ffations  by  means  of  the 
telefcopic  fpirit  level  (tab.  XVI.  and  XVII.),  p.  416.  The  firft  meafurement  of  the 
louth-eaft  feCtion  of  the  bafe  completed  in  three  hours  and  a half,  p.  417,  418. 
The  fame  feCtion  re-meafured,  wi  h the  probable  caufe  of  the  variation,  p.  418, 
The  operation  with  the  chain  fulpended,  and  why,  p.  419.  Description  of  a hold- 
faft  for  the  rear-end  of  the  chain,  invented  by  Col.  Pringle  (reprefented  by  two  ele- 
vations adjoining  in  tab.  XVII.),  ibid.  The  operations  refumed  by  meafuring  twice 
with  the  chain  forwards  and  back  again  the  fecond  feftion  of  the- bafe,  ibid.  The 
level  of  the  firft  and  fecond  fe&ion  of  the  bafe  taken,  with  an  account  of  the  fpirit- 
level  made  ufe  of,  p.  420.  The  firft  general  table  relating  to  the  levels  of  the 
bafe  explained,  ibid.  p.  421.  Col.  Calderwood’s  method  of  computing  the  difference 
between  the  hypothenufal  diftances  of  600  feet  each,  and  the  reduced  bafe  diflances, 
p.420.  Tracing  of  the  bafe  with  the  tranfit  infttument,  p.  421,422.  Confequence  of 
delaying  the  ufe  of  that  inftrument,.  p.  422.  Levels  of  the  third  feCtion  taken,  and 
the  rough  meafurement  thereof  with  the  chain  completed,  p.  422,  423.  Refult  of  the 
examination  of  the  length  of  the  chain  in  different  temperatures,  p.  423.  Defcent 
from  the  lower  end  of  the  bafe  to  the  furface  of  the  Thames  at  Hampton,  p.  423. 
Meafurement  of  the  bafe  with  the  deal  rods,  p.  425.  Method  of  performing  that 
operation,  p.  426.  Difference  of  meafuring  by  coincidences  and  contacts  accounted 
for,  p.  427.  The  two  firft  hypothenufes  re-meafured,  with  the  reful't,  p.  428. 
Their  Majefties  prevented  by  the  weather  from  feeing  the  nature  of  the  operations, 
p.  4Z9.  Method  of  difeovering  the  error  of  the  chain  at  each  ftation,  p.429.  In- 
conveniences occurring  from  the  humid  and  dry  date  of  the  atmofphere,  Set.  p.  430. 
See  Expanfibility.  Different  companions  of  the  rods  with  the  ftandard,  and  the 
refult,  p.  432,  433.  Near  agreement  between  the  refult  by  the  deal  rods,  and  that 
furnifhed  by  the  rough  meafurement  with  the  chain,  accounted  for,  p.  433.  Mea- 
furement with  the  deal  rods  finilhed,  ibid.  Expanfion  of  the  deal  rods,  p. 
434"  4 3®*  See  Riga  Red-nvood^  Deal  Rods.  Mr,  Ramfden’s  obfervations  of 
the  different  expanfions,  p.  435.  Operations  on  Hounflow-Heath  totally  fitf- 
pended,  p,  438.  Companion  made  in  the  beginning  of  September  at  Spring 
Grove,  when  the  rods  were  in  their  dry  or  contracted  Hate,  and  the  remeafure- 
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me'nt  of  the  fame  fpace  the  next  morning,  when,  being  left  out  on  purpofe,  they 
bad  contra&ed  all  the  humidity  they  could,  p.  439,  440.  Defcription  of  the 
glafs  rods,  ultimately  ufed  to  determine  the  length  of  the  bafe,  tab.  XIX.  p.  441— 
449.  The  cafe  containing  the  tube  described,  p.  441.  Manner  in  which  the  middle 
of  the  tube  is  made  fall:  to  the  middle  of  the  cafe,  p.  442.  Fixed  and  moveable  ends 
of  the  tube  aefcribed,  p.  443.  Fixed  and  moveable  apparatus  defcribed,  p.  444 — 447* 
Mahogany  lid  on  the  top  of  the  cafe  defcribed,  p.  447.  Method  of  afcertaining  the 
length  of  the  glafs  rods,  p.  448.  Difpolition  of  the  hands  for  the  double  meafurement 
with  the  chain  and  glafs  rods ; defcription  of  the  apparatus  then  applied  to  the  ends  of  the 
chain  ; and  ultimate  continuation  of  the  meafurement  with  the  glafs  rods  alone,  tab. 
XVII.  and  XIX.  p.  449.  Reafons  for  rejecting  the  deal  rods,  ibid.  Commencement 
of  the  operation  for  the  double  meaiurement,  p.  450*  4^3.  Apparatus  attached  to  the 
firft  end  of  the  chain,  p.  451.  Ditto  for  the  lait  end  (to  the  right-hand  fide  of  tab. 
XVII.),  p.  4<2.  Comparifon  of  the  contraction  of  heel  and  glafs,  with  the  error  of  the 
chain  in  defeft,  p.  454.  Farther  experiments  with  the  chain  given  up,  and  why,  p.455. 
His  Majefty  honours  the  operation  with  his  prefence,  p.  456.  Equation  of  the  deal  rod3 
and  of  the  glafs  rods,  on  3 1 00  feet,  ibid.  Difference  over-rated  in  the  expanfion  of  the 
560  deal  rods,  p.  437»  Meafurement  with  the  glafs  rods  completed,  p.  438.  Equa- 
tion of  the  1370  deal  rods  and  of  the  1370  glafs  rods,  with  the  difference  over-rated  ia 
the  total  expanfion  of  the  deal  rods,  p.  459.  Conjecture  concerning  the  caufe  of  the 
eftimated  and  real  expanfion  of  the  deal  rods,  ibid.  p.  460.  Defcrpuon  of  the  mi- 
croilopic  pyrometer,  ufed  for  determining  by  experiment  the  expanfion  of  the  metals 
concerned  in  the  meafurement  of  the  bafe,  tab.  XX.  p.  461—472.  The  microfcopic 
pyrometer  (tab.  XX.)  defcribed,  p.  462—472.  Ufe  and  defcription  of  the  fixed 
microi'cope,  p.  466.  Ditto  of  the  micrometer,  p.  467.  Ufe  of  two  eye  glaffes  ia 
micro fco per,  p,  468.  Scale  of  the  pyrometer  explained,  p.  469.  Account  of  the 
experiments  with  the  pyrometer,  p.  472—476.  Ultimate  determination  of  the  bafe 
on  Hounflow-fleath,  p.  476—478.  General  table  of  the  bafe,  fhewing  the  relative 
heights  of  the  nations  above  the  fouth-eaft  extremity  near  Hampton  Poor-houfe,  the 
redu&ion  of  the  hypothenufes,  and  the  correction  for  the  temperature  of  the  glafs 
rods,  whereby  the  true  length  is  obtained  in  the  heat  of  62  degrees,  p.  479.  Table 
of  the  expanfion  of  metals,  deduced  from  experiments  made  with  the  microfcopic 
pyrometer  in  1785,  p.  480. 

Bladh,  Mr.  See  Specific  Gravities . 

Jiouguer.  Set  Specific  Gravities. 

Breedon.  Leiceficrthire,  obiervations  on  the  lime-mountain  there,  p.  4. 

Brook , Mr.  bee  Vacuum . 

Bruce,  Robert,  M.  D.  See  Averrhoa  Carambola. 

Burning  Mountains . See  Mo  me  Garou , Carikbee  IJlands » 
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CaiJcrwood,  Col.  See  Bafe. 

Caribbee  IJlandsy  reafons  for  fuppofing  a communication  between  the  burning  mountains 
in  them  and  the  volcanos  on  the  high  mountains  in  America,  p.  30.  Shocks  of 
earthquakes  frequent  near  them,  ibid. 

Cavendijby  Henry,  Efq.  See  Air, 

Combuftion , Obfervations  and  Experiments  on  the  Light  of  Bodies  in  a State  of,  by  the 
Rev.  Mr.  Morgan,  p.  190.  Data  to  be  attended  to,  ibid.  Conclusion  drawn  from 
them,  ibid.  Manner  in  which  the  rays  of  light  efcape,  when  decompofed  by  heat, 
p..  191.  Obfervations  on  the  flame  of  a candle,  p.  192.  The  bell;  mode  of  fhewing  the 
efcape  of  forne  rays  by  that  degree  of  heat  which  will  not  feparate  others  till  increafed, 
p.  193.  Mr.  Melvill’s  mode  of  examining  bodies  whilft  on  fire,  ibid.  Befides  the 
increafe  or  decreafe  of  heat,  there  are  other  modes  of  retarding  or  accelerating  the 
combuftion  of  bodiesj  p.  194.  Singularities  in  the  colours  of  different  flames  ac- 
counted for,  p.  195.  Singular  phenomenon  attending  a burning  body  explained, 
p.  196.  Imperfection  in  Sir  Ifaac  Newton’s  definition  of  flame,  p.  197.  Experi- 
ments on  eleCtric  light,  p.  198 — 206.  General  deductions  tifeful  in  procuring  any 
degree  of  certainty  in  any  hypothefis,  p.  198.  Obfervations  on  phofphoric  light,  p. 
208.  Mr.  Wilfon’s  theory  of  the  flow  combuftion  of  ftiells,  ibid.  Objections  to 
that  theory,  p.  209 — 21 1.  Poftfcript  by  Dr.  Price,  p.  21  r. 

Confiruftion  of  the  Heavens , on  the,  by  William  Herfchel,  Efq.  p,  213,  Two  oppoflte 
extremes  to  be  avoided,  if  we  hope  to  make  any  progreft  in  an  inveftigation  of  this 
delicate  nature,  ibid.  Theoretical  view  of  the  univerfe,  p.  214.  Formation  of 
nebulas,  ibid.  Objections  confidered,  p.  216.  Optical  appearances  confidered,  p. 
a 1 7— 219.  Refult  of  obfervations,  p.  219.  The  t’  etical  view  of  the  univerfe, 

p.  214.  Shewn  to  be  perfectly  confident  with  faCts,  o.  I.  Table  of  ftar-gages, 
p.221—240.  Problem,  the  ftars  being  fuppofed  to  be  nearly  fcattered,  and  their 
number,  in  a field  of  view  of  a known  angular  diameter  being  given,  to  determine 
the  length  of  the  vifual  ray,  p.  241.  The  fame  otherwife,  p.  243.  We  inhabit  the 
planet  of  a ftar  belonging  to  a compound  nebula  of  the  third  form,  p.  244.  Difference 
between  a crowd  and  a clutter  of  ftars,  p.  246.  Ufe  of  the  gages,  p.  2^0.  Table 
II.  p.  252.  Section  of  our  fidereal  fyftem,  p.  253.  The  origin  of  nebulous  ftrata, 
p.  254.  An  opening  in  the  heavens  deferibed,  p.  236.  Phtenomena  at  the  poles  of 
our  nebula,  p.  257.  Enumeration  of  very  compound  nebula:  or  milky  ways,  p.  258. 
Some  very  remarkable  nebulas  pointed  out,  ibid.  Several  extended  nebulas  deferibed, 
p.  260 — 262.  A perforated  nebula  or  ring  of  ftars,  p.  263.  Planetary  nebulae,  p, 
263—26  6. 

You  LXXV. 
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D. 

D'  Alembert.  See  Rotatory  Motion. 

Darwin,  Dr.  Erafmus.  See  Artificial  Spring. 

Deal  Rods , table  cf  the  expanfion  of,  with  obfervations,  p.  437.  Are  improper  for 
very  accurate  meafurement,  p.  438. 

De  la  JLande.  See  Wires. 

De  L.uc , Mr.  See  specific  Gravities. 

Doable  Stars.  Catalogue  of,  by  William  Herfchel,  Efq.  p.  40.  Method  of  pointing 
out  thofe  ftars  in  this  collection  which  are  not  in  Mr.  Flamftead’s  Catalogue,  p.  41, 
and  of  applying  it,  ibid.  Precaution  to  be  obferved  where  other  ftars  are  very  near 
thofe  to  be  pointed  out,  p.  42.  The  obferver  flrould  be  furnifhed  with  Flamftead’s 
Coeleflial  Atlas,  which  muft  have  the  ftars  marked  from  the  author’s  Catalogue,  p.  43. 
Precaution  in  relation  to  examining  the  cioieft  of  the  double  ftars,  ibid.  All  the 
obfervat’ons  in  this  Catalogue  are  fuppofed  to  be  made  with  a power  of  460,  unlefs 
marked  otherwife,  p.  45.  Method  of  taking  the  meafures  ot  the  diftances,  ibid. 
See  Micrometer.  Catalogue  of  double  ftars,  p.  47.  Firftclals,  ibid. — p.  63.  Second 
clafs,  p.  65 — 78.  Third  clafs,  p.  78 — 90.  Fourth  clai's,  p.  91  — 105.  Fifth  clafs, 
p.  10£ — xx8.  Sixth  clafs,  p.  118 — 126.  Additional  errata  to  the  Catalogue  of 
Double  Stars  in  vol.  LXXII.  p.  126.  See  Variable  Star . 


E. 


■V 


Eagle  Jl one.  See  Router.  ^ ^ 

Earthquakes . See  Caribbee  i 0Os . 

1 mete  . 

Eclipfes.  See  AJlronomicaL  ^ uations. 

Equatorial  Micrometer,  Mr.  Sm^aton’s  recommended,  p.  348. 

Euler , M.  Leonhard.  See  Rotatory  Motion. 

■ M.  John  .ilbert.  See  Ditto. 

Expanfbility , obfervation  on  that  of  glafs,  with  Mr.  Cumming’s  pyrometer,  p.  43 U 
See  Deal  Rods. 


F 

Fergvjon.  See  Fridlion . 

Fixed  Air  and  Water  appear  to  confift  of  the  fame  ingredients,  p.  296.  See  Air. 

Fordyce , George,  M.  D.  See  Weight. 

Fridlion , on  the  Motion  of  Bodies  affedled  by,  by  the  Rev.  Samuel  Vince,  A.  M.  of 
Cambridge,  p.  165.  This  branch  of  natural  philofophy,  nothwithftanding  its  im- 
portance 
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portance  to  the  pradfical  mechanic,  has  been,  of  all  others,  the  moft  negle&ed,  ibid, 
Muffchenbroeck’s,  Helfham’s,  and  Fergufon’s  opinions  of  the  law  by  which  the 
motions  of  bodies  are  retarded  by  fridtion,  p.  166.  Euler’s  theory  not  true,  ibid. 
Experiments  to  determine  different  properties  of  fridlion,  ibid.  p.  167.  The  fridlion. 
of  hard  bodies  in  motion  is  a uniformly  retarding  force,  p.  169.  Experiments  to  deter- 
mine whether  fridtion,  ccetcris  parlous,  varies  in  proportion  to  the  weight  or  preffure, 
p.  170 — 172.  Obfervations  thereon,  ibid.  Experiments  proving  that  the  fridtion 
of  a body  does  net  continue  the  fame  when  it  has  different  furfaces  applied  to  the  plane 
on  which  ir  moves,  but  that  the  fmalleft  furface  will  have  the  lead  fridtion,  p.  170 — - 
175.  Refult  of  the  author’s  examination  into  the  nature  of  the  experiments  which 
have  been  made  by  others,  p.  176..  Theory  eftablifhed  upon  the  principles  already 
deduced,  p.  178.  Prop.  I.  to  find  the  time  of  defcent  and  the  number  of  revolutions 
of  a cylinder,  or  that  circular  fedtion  of  a body  on  which  if  rolls  down  an  inclined 
plane  in  confequence  of  its  fridtion,  ibid.  Cor.  1.  p.  179.  Cor.  2.  ibid.  Cor.  3. 
ibid.  Cor.  4.  p 180.  Cor.  5.  ibid.  Prop.  II.  the  body  being  projedted  on  an  hori- 
zontal plane,  with  a given  velocity,  to  determine  the  fpace  through  which  the  body 
will  move  before  it  flops,  or  before  its  motion  becomes  uniform,  p.  18 r.  Cafe  I. 
ibid.  Cafe  II.  p.  182.  Cafe  III.  p,  184.  Definition  of  the  centre  of  fridlion,  p. 
186.  Prop.  III.  to  find  the  centre  of  fridlion,  ibid.  Prop.  IV.  given  the  vcdocity 
with  which  a body  begins  to  revolve  about  the  centre  of  irs  ba(e,  to  determine  the 
number  of  revolutions  which  the  body  will  make  before  all  its  motion  be  deftroyed, 
p.187.  Prop.  V.  to  find  the  nature  of  a curve  deferibed  by  any  point  of  a bady 
affedted  by  fridlion,  when  it  defeends  down  any  declined  plane,  p.  1 88. 

G. 

Goodrich,  John,  Efq.  See  Variable  Start 

H. 

Hales , Dr.  miftake  of  his,  p.  271. 

Heat , diminifhes  the  attra&ions  of  cohefion,  chemiflry,  magnetifm,  and  eledlricity, 
p.  364. 

Hell,  Abbe.  See  Agronomical  Ob/ervations. 

iicljbam.  See  Fridlion. 

Iler/chel , William,  Efq.  See  Double  Stars-,  Conjlrudiiott  of  the  HeaksenU 

Home , Mr.  Everard.  See  Marine  Animal . 

Hope,  John,  M.  D.  See  A fa,  Fee  tula. 

Hunter,  John,  Efq.  See  Marine  Animal. 
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I. 

hjhip,  in  Lancalhire,  manner  of  digging  for  water  there,  p.  6, 


K. 

Kirvean,  Richard,  Efq.  See  Specific  Gravities* 


L. 

Landen,  Mr.  John.  See  Rotatory  Motion. 

Larkcll  river,  has  not  the  property  of  incruftation,  p.  3540. 
Lavoifier,  M.  See  Air  and  Water. 

Leach,  has  no  anus,  p.  341. 

Le  Fevre.  See  Agronomical  Obfervations* 

Ligbtfcot , Rev.  John.  See  Motacilla . 

MW 


Machinery  in  P erfpective.  See  Architecture . 

Marine  Animal,  Defcription  of  a new  one,  in  a Letter  from  Mr.  Everard  Home,  Sur- 
geon, to  John  Hunter,  Efq. ; with  a.  Poftfcript  by  Mr.  Hunter,  containing  anatomi- 
cal Remarks- upon  the  fame,,  p. .333^  Reafons  for  believing  this  animal  to  be  a non- 
defeript,  ibid.  Where  and  when  found,  p.  334.  See  Barbadoes.  By  whom  firft 
obferved,  p.  333.  Defcription  of,  ibid. — 339.  Poftfcnpt,  by  John  Hunter,  Efq. 
p.  340 — 343.-  See  Animals , Anatomical  divifion  of  the  animal,  p.  340.  Its 
fiomach  and  inteftine  deferibedj.  p.  341.  Differs  materially  frem  moft  animals  with 
tentacula,  ibid.  See  Leach , Polypi , Univalve  Fijb.  Manner  of  voiding  its  ex- 
crements, p.  342..  Enquiry  into  the  manner  of  increafing  its  lhell,  ibid.  Where 
moft  probable  to  be  found,  p.  343.  Explanation  of  the  figures,,  tab.  XI.  fig.  1.  p. 
344.  Fig.  2.  ibid. 

MelviH,  Mr.  See  Gembufiion . 

Mejfier , M.  See  Afironomical  Obfervations,. 

Meteors , are  probably  owing  to  an  accumulation  of  electricity,  p.  278. 

Micrometer , improvement  in  Meff.  Nairne  and  Blunt’s,  p.  46.  See  Baft , 

Microfcope . See  Bafe. 

Morgan ^ Rev.  Mr.  See  Combujtion 
— — Mr.  William.  See  Vacuum . 

Mornt  Garou,  a Mountain,  in  the  Ifland  of  St.  Vincent,  Account  of,  with  a Defcription 
of  the  Volcano  on  its  fummit,  in  a Letter  from  Mr.  James  Anderfon,  Surgeon,  p., 
i6»  Difficulties  in  exploring  the  interior  parts  of  the  mountain,  ibid.  Which  has- 
c alio 
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stfo  been  mentioned  to  have  had  volcanic  eruptions  from  if,  ibid.  Of  which,  on 
examination,  feveral  indications  appeared,  p.  17.  The  authoi’s  friendly  reception 
at  Mr.  Maloune’s  (where  he  lay)  about  a mile  from  the  mountain,  ibid.  Arrives  at 
the  bottom  of  the  mountain,  attended  by  two  negroes  of  Mr.  Maloune’s  and  a boy,. 
j>.  18.  After  climbing  a rock,  forty  feet  high,  they  come  to  fome  dear  ground, 
belonging  to  a Mr.  Gafco,  ibid.  Who  receives  them  kindly,,  p.  19.  S ec  Weft  Indies. 
Return  to  Mr.  Gafco’s,  being  unable  to  get  forward,  p.  20.  Defcription.and  fituatioa 
of  his  hut,  ibid.  Difficulties  Mr.  Anderfon  encountered  in  his  fecond  attempt,  p.  2ia 
Arrives  at  the  bottom  of  a very  high  precipice,  ibid.  His.  dangerous  fituation  on 
gaining  the  top,  p.  22.  Meets  four  negroes  from  Mr.  Maloune’s,  with  provifions, 
p.  23.  Dil'covers  a ravin  by  which  he  might  have  gained  the  fummit  of  the  moun- 
tain with  little  difficulty,  ibid.  After  a moft  difagreeable  night  on  the  mountain,  gets  a 
fight  of  the  fummit,  p.  23.  With  a defeription  of  ir,  ibid.  Two  negroes  leaving 
him,  and  the  reft  refufing  to  proceed,  he  is  forced  to  return,  p.  25,  26.  Sets  out 
again,  accompanied  by  Mr.  Frafer,  and  attended,  by  two  negroes,  p.  26.  Finds 
fome  beautiful  plants  and  mofs  (of  which  he  faw  none  elfe  in  the  Weft  Indies)  in 
great  abundance,  ibid.  Gains  the  fummit,  with  a defeription  of  the  awful  ap- 
pearance of  the  excavation  there,  p.  27.  29.  Burning  mountain  at  the  bottom 
thereof  defexibed,  p.  27..  Various  minerals  found  on  all  parts  of  the  mountain,  p. 
28.  Author’s  reafons  for  fuppofing  it  has  but  lately  begun  to  burn,  ibid.  Two 
chalybeate  lakes  on  the  fides  of  the  crater,  and  a conjecture  on  the  manner  of  their 
being  fupplied,  ibid.  Singular  motion  of  the  clouds  on  the  mountain,  p.  29.  See 
Garibbee  IJlands.  References  to  the  figure,  p.  3.1, 

Motacilla,  Account  of  anEnglifh  Bird  of  that  Genus,  fuppofed  to  be  hitherto  unnoticed 
by  Britiffi  Ornithologifts,.  obferved  by  the  Rev.  John  Lightfoot,  p.  8.  Generic  cha- 
racters, ibid.  Marks  evincing  it  to  be  of  the  fpecies  of  Motacilla,  p„  10,  11. 
Named  after  the  Linmsan  manner,  p.  n.  Sepp  the  only  author  who  can  be  fuf- 
peCted  of  noticing  this  bird,  p.  12^  VVhich  may  not  improperly  be  denominated  the 
Reed  W yen,  ibid.  Its  haunts,,  ibid.  Its  food  and  note,  p.  13.  Its  neft,  ibid.  Ma- 
terials and  fituation  of  its  neft,  ibid.  Number  and  defeription  of  its  eggs,,  p„  14, 
ConjeCtured  to  be  a migrating  bird,  ibid. 

Mountains , theory  of  the  formation  of,  p„  4— 

Mylue^  Mr.  See  Ba/e, 

N„ 

Mew. England  white-wood,  See  Riga  rtd-*wooia 

Newton,  Sir  Ifaac.  See  Combujlion . 

Nitne,  when  much  phlogifticated*  is  capsule  of  making  a precipitate  with  a folution 
of  filver,  p.  378, 

■ Fa  Peacec}r 
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P. 

Peacock,  Mr.  James.  See  Architecture,  Sec. 

Phlogifticatcd  Air , whether  many  different  fubHances  are  not  in  reality  confounded  togc* 
ther  under  this  name,  p.  381. 

Phloffton.  See  Air . 

Pbofpboric  Light . See  Combujlion. 

Pigott,  Edward,  Efq.  See  Variable  Stars, 

Polypus,  has  no  anus,  p.  341. 

Price , Dr.  See  Combujlion. 

Priejlley , Rev.  Jofeph.  See  Air,  and  Water, 

Pringle , Coi.  See  Bafe, 

Pyrometer.  See  Bafe, 

R, 

Rain.  See  Barometer,  &c„ 

Ramfden,  Mr.  his  curious  beam  compaffes,  p.  402.  See  Bafe.  His  eafy  and  fimpl® 
way  af  obtaining  the  fcale  of  his  pyrometer,  p.  471. 

Reed-voren.  See  Motacilla. 

Richmond,  in  Surrey,  method  of  boring  for  water  there,  p.  6* 

Riga  Red-zvood,  more  fuiceptible  of  the  effects  of  moillure  than  New-England  white- 
wood,  p.  433. 

Rotatory  Motion.  Of  the  Rotatory  Motion  of  a Body  of  any  Form  whatever,  revolving* 
without  Reftraint,  about  any  Axis  palling  through  its  Center  of  Gravity,  by  Mr. 
John  Landen,  p.  311,  When  the  axis,  about  which  a body  is  made  to  revolve,  is  not 
a permanent  one,  the  centrifugal  force  of  its  particles  will  difturb  its  rotatory  motion* 
&c.  p.  312.  To  determine  in  what  track,  and  at  what  rate,  the  poles  of  fuch  mo- 
mentary axis  will  be  varied,  not  an  uninterefting  propofition,  ibid.  The  folutions 
of  that  problem  by  M.  Leonhard  Euler,  Mi  D’Alembert,  and  M.  John  Albert  Euler., 
redtified  by  the  author,  ibid.  Difference  between  him  and  the  above  gentlemen  con- 
cerning the  angular  velocity  and  the  momentum  of  rotation,  p.  313.  How  to  find  a 
parallelopipedon  that  being  by  fome  force  or  forces  made  to  revolve  about  an  axis# 
with  a certain  angular  velocity,  lhall  move  exadlly  in  the  fame  manner  as  any  other 
given  body,  if  made  to  revolve  with  the  fame  force,  about  an  axis  palling  through 
its  centre  of  gravity,  p.  315.  Tab.  X.  fig.  r.  explained,  ibid.  Method  of  finding 
how  a parallelopipedon  will  revolve  about  fucceffive  momentary  axes  palling  through 
its  center  of  gravity,  p.  318.  Fig.  2.  and  3.  explained,  p.  31S.  322.  Fig.  4.  ditto, 
p.  321.  Fig.  5.  ditto,  ibid.  Errors  of  M.  Euler  pointed  out,  p.  327,  328,  To 
which  M.  D’Alembert’s  feem  nearly  fimilar,  p.  328. 
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Router^ 
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Router,  or  Eagle-Hone  mountain  in  the  Peak,  its  volcanic  origin,  p. 

Roj,  Major  General  William.  See  Ba/c. 

S. 

Schoenus  Llthofpermos , a fpecies  of  grafs  in  the  Well  Indies,  p.  ig. 

Senjitive  Plant.  See  Averrboa  Carambola. 

Sepp.  See  US'Iotacilla . 

Shells.  See  Combufiion. 

S meat  on,  Mr.  See  Equatorial  Micrometer , Baft. 

Specific  Gravities,  Remarks  on,  taken  at  different  Degrees  of  Heat,  and  an  eafy  Method 
of  reducing  them  to  a common  Standard,  by  Richard  Kirvvan,  Efq.  p.  267.  Ufeful- 
nefs  of  a comparative  view  of  the  weights  of  equal  volumes  of  water,  &c.  ibid.  A 
capital  advantage  derivable  from  a table  of  fpecific  gravities,  ibid.  Instrument  for 
making  experiments  deferibed,  p.  268.  Table  of  fpecific  gravities,  p.  269.  Re- 
marks and  obfervations  by  Bouguer,  Mr.  Bladh,  Mr.  De  Luc,  &c.  p.  270.  Advan- 
tages of  this  method  pointed  out,  p.  271. 

Stag's  Head  and  Homs,  Account  of,  found  at  Alport,  in  the  Parifh  of  Youlgreave,  m 
the  County  of  Derby.  In  a Letter  from  the  Rev.  Robert  Barker,  B.  D.  p.  353. 
Place  and  manner  of  difeovering  them,  ibid.  Not  fuppofed  to  belong  to  a very  old 
animal,  p.354.  Are  of  the  throftel-neH  fpecies,  ibid.  See  Throjicl-nejl  Homs.  Con- 
jedlure  how  they  were  depofited  where  found,  ibid.  See  LarkeJl . Dimenfions  of  the 
horns  found  at  Alport,  p.  355.  Ditto  of  a large  pair  of  throflel-nefls  horns,  ibid. 
Ditto  of  the  horns  of  a feven-years  old  flag,  ibid. 

Summation  of  Infinite  Series,  Supplement  to  the  Third  Part  of  the  Paper  on,  in  1782,  by 
the  Rev.  S.  Vince,  M.  A,  p.  32. 

Sylvabelle , M.  Saint  J acq ues.  See  Afironomical  Obfervations, 

• • . . ■.  ;s:.  ' pi  f 

T. 

Tclefcopes.  See  Afironomical  Obfervations , Wires , 

Tentacula , animals  with  tentacula  confifl  of  an  almofi  infinite  variety,  p.343. 

Tereldla,  a double-coned  one,  found  by  Mr.  Cordiner,  at  Bamff,  in  Scotland,  p.  343, 

\ Thermometer . See  Barometer , &c» 

Tbrojlle-nejl  Horns , deferibed,  p.  354. 

Tuft,  a kind  of  Hone,  deferibed,  p.  353. 

V. 

Vacuum,  Eledrical  Experiments  made  in  order  to  afeertain  the  non-condudling  Power  of 
a perfect  one,  &c,  by  Mr.  William  Morgan,  p.  272.  Condution  drawn  from  Mr. 

Walfh’s 


/ 
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Wallh’s  experiments  in  the  d©uble  barometer  tube,  not  univerfally  admitted,  ibid. 
Account  ot  the  author’s  experiments  to  determine  its  truth  or  fallacy,  ibid.  Tab.  IJf. 
fig.  i.  explained,  ibid.  Account  of  various  eletlrical  experiments,  p.  274.  276, 
Mr.  Brook’s  method  of  making  mercurial  gages,  p.276,  277 . See  Meteors, 

Variable  Star,  Obfervations  on  a new  one,  in  a Letter  from  Edward  Figott,  Efq.  p.  127, 
life  of  verifying  liars  fuppofed  to  be  variable,  ibid.  Variation  of  the  Bar  u Antinoi 
very  fimilar  to  that  of  Algol,  though  not  exactly  the  fame  in  any  particular,  ibid. 
Changes  undergone  by  r,  Antinoi,  p.  128.  Order  of  the  liars  to  which  it  was  com- 
pared, ibid.  Greater  dilference  between  the  brightnefs  of  many  liars  in  twilight  and 
moon-light,  or  the  lead  hazy  air,  than  in  a dark  and  clear  Iky,  ibid.  Journal  of  ob- 
servations of  j?  Antinoi,  p.  129.  Natural  method  of  obtaining  a point  ofcompa- 
rifon  for  fettling  its  periodical  changes,  p.  131,  Computations  (the  rough  length  of 
a fingle  period  being  found,!  to  obtain  greater  exadnefs,  p.  132.  Method  of  deter- 
mining the  time  when  v Antinoi  was  between  its  lead  and  greated  brightnefs,  ibid. 
Obfervations  on  its  decrea ling  brightnefs  in  1783  compared  with  correfponding  ones 
made  in  1784,  p.  134.  Refults  of  thofe  comparifons,  ibid.  Account  of  feveral 
attempts  to  determine  the  relative  brightnefs  of  liars,  p.  133,  136. 

Obfervations  on  a new  one,  by  John  Goodricke,  Efq.  p.  153.  The  flar  /3  Lyra? 
difcovered  to  be  variable,  ibid.  Eight  points  of  its  variation  in  twelve  days  and 
nineteen  hours,  p.  134.  Its  relative  brightnefs  at  its  obfcuration  in  the  third  and 
feventh  points,  ibid.  p.  161.  Magnitudes  of  the  liars  to  which  it  was  compared 
during  the  progrefs  of  its  variation,  p.  153.  Series  of  obfervations  of  its  brightnefs 
and  magnitude,  ibid.  Obfervations  thereon,  p.  161.  Calculation  of  the  times  of  the 
middle  of  its  obfcuration  in  the  third  point,  p.  162.  Remarks  thereon,  ibid.  Mr. 
Herfchel  reckons  /3  or  y Lyrae  among!!  thofe  liars  which  he  fuppofes  to  have  under- 
gone an  alteration,  p.  163. 

Vince , Rev.  Samuel,  M.  A.  See  Summation  of  Infinite  Series , Friftiott, 

Univalve  Fijb , their  internal  formation,  p.  342. 


W. 


IVallot , M.  See  Afironomical  Obfervations . 

Waljh,  Mr.  See  Vacuum. 

Watt,  Mr.  See  Air  and  Water. 

Weight,  An  Account  of  fome  Experiments  on  theLofs  of,  in  Bodies  on  being  melted  or 
heated.  By  George  Ford)ce,  M.  D.  p.  361.  Several  experiments  made  by  the 
Dodlor,  which  not  being  contradictory,  are  not  worth  lay:ng  before  the  Society,  ibid. 
Account  of  a conclufive  one  in  determining  the  lols  of  weight  in  ice  when  thawed, 
and  on  being  heated,  ibid.  p.  363.  Conjedtures  of  the  caufe  of  the  acquilition  of 
weight  on  water’s  being  converted  into  ice,  p.  363.  Method  to  determine  which  is 
fcrue,  ibid.  Experiment  to  afeertain  whether  there  is  matter  abfolutely  light,  or  which 

repels 
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npth  mfctf  of  attracting  other  matter,  p.  364.  See  Hcah  Conjeftirre  on  the 
increafe  of  the  weight  of  ice  on  being  cooled,  ibid. 

Weft  Indies ,,  difficulty  of  going  through  the  woods  there>  p.  icj, 

Wilfon , Mr.  See  Combuftion • 

Wins,  A Defcription  of  a new  Syftem  of,  in  the  Focus  of  a Teleftope,  for  obferving 
the  comparative  Right  Afcenfions  and  Declinations  of  qceleftiai  Obje&s together 
with  a Method  of  inveftigating  the  fame,  when,  obferved  by  the  Rhombus,  though  it 
happen  not  to  be  in  an  equatorial  Pofition,  by  the  Rev.  Francis  Wollufton,  LL.B 
f.  346.  The  author  twice  difappointed  in  attempting  to  afcenain  the  riaht  afcenfions 
and  declinations  of  the  ftars  he  had  laid  down,  p.346,  347.  The  rhombus"  is  very  good 
in  theory,  but  feldom  true  enough  to  be  depended  on,  P.  347.  A very  fmall  error  in, 
©bferving  the  paflage  of  a liar  makes  a very  material  difference  in  the  refult,  ibid. 
Trial  with  a fquare  placed  angularly,  which  feems  to  anfwer  better,  ibid.  See  ft  Ua- 
tenal  Micrometer,  Tab.  XII.  fig.  1.  explained,  p.  347,  Properties  and  advantages  of 
the  fquare  preferably  to  the  rhombus,  p.  348.  Method  of  reftifyiag  the  erroneous 
pofition  of  the  inftrument  by  th-  formula  given  by  M.  De  la  Lande  in  his  Aftro« 
»°my,  p.  349*  Formula  confirmed  by  the  author’s  fon,  for  inveftigating  the  com 
p&rattve  right  afcenfions  and  declinations  of  ftars,  ibid.  Application  of  the  formula* 

p.  3,51.  How  to  deduce  the  angle  of  deviation  from  the  true  equatorial  pofition.  in 
the  new  fyftem  of  wires,  p.  3.53.  r 

ieFbllaJion,  Rsv»  Francis,  LLo.B»  Se@  JVircst 

Z. 

Zachy  Francis  de.  See  Aftrommkal  Olfervaticns* 
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